



































'I 


l *■ 


^ r 


'«• * N*W 


Wrtf 







tf- V 

■J 






*•* 

> 











PRODUCTION 


MANAGEMENT 



METHOO 

1 


STUDY 

1 

P • .. 

SIMPLIFY 

1 

’ 

NEW METHOD 



5ELCCT S- BUY 
LAY-OUT 


PROCESS 

1 


STUDY 




CHOOSE 





COMPETITORS 

DEMAND 

—*^volumeJ(price V*— 

PRICE 






































































































































PRODUCTION MANAGEMENT 

TEXT AND CASES 










PRODUCTION MANAGEMENT 

TEXT AND CASES 


B. K. HEGDE 

Professor, Indian Institute of Management, 
Aluncdabad; 

MELVYN R. COPEN 

Director, Office of Management Improvement, 
US. Department of Agriculture, 
Washington; 

R. BALACHANDRA 

Professor, Indian Institute of Management, 
Ahmedabad; 
and 

C. N. S. NAMBUDIRI 
Professor, Indian Institute of Management , 
Ahmedabad. 


PRENTICE-HALL OF INDIA PRIVATE LIMITED 

NEW DELHI 
1972 


Rs. 23.75 


PRODUCTION MANAGEMENT —TEXT AND CASES 
By B. K. Hegde, Mclvyn R. Copen, R. Balachandra 
and C. N. S. Nambudiri 


PRENTICE-HALL INTERNATIONAL, INC., Englewood Cliffs 
PRENTICE-HALL OF INDIA PRIVATE LIMITED, New Delhi 
PRENTICE-HALL INTERNATIONAL, INC., London 
PRENTICE-HALL OF CANADA LTD., Toronto 
PRENTICE-HALL OF JAPAN, INC., Tokyo 


© 1972 by PRENTICE-HALL OF INDIA PRIVATE LIMITED, New Delhi. All 
rights reserved. No part of this book may be reproduced in any form by mimeograph 
or any other means, without permission in writing from the publishers. 


ISBN-0-87692-013-10 

INTERNATIONAL BOOK YEAR, 1972. 


This book has been subsidised by the Government of India through National Book Trust, 
India, for the benefit of students. 


The export rights of this book arc vested solely in the publisher. 


The book is for sale throughout the world. 


PRINTED AT THE NATIONAL PRINTING WORKS, 10, DARYAGANJ, DELHI AND PUBLISHED BY 
PRENTICE-HALL OF INDIA PRIVATE LIMITED, M-97, CONNAUGHT CIRCUS, NEW DELHI-1. 





FOREWORD 

AN INTRODUCTION TO TOMORROW 


The Challenge 

During the past half-century the most pervasive problem 
in economic activity has been distribution of the “fruits of production” 
among the groups that have contributed to production. While this problem 
of distribution of output still is with us, development of a viable solution 
has been such that the problem no longer rates the number one issue posi¬ 
tion in industrial society. The critical problem today and in the decades 
ahead is to increase productivity, to increase the ratio of output to input. 
Demand increases while resources tend to decrease. Increase in the out- 
put-to-input ratio will be the dominant economic challenge for the balance 
of the 20th century. 

The Need 

The critical need for increased productivity currently 
pervades all economic activity. It is as essential in the businesses and insti¬ 
tutions that provide services (such as banks and hospitals) as it is in the 
factories that produce either consumables or the “capital goods” designed 
for eventual consumable production. It is to the furtherance of such 
productivity that this book is dedicated. 

The Contribution 

Recent developments in productivity management have 
been so great the term “management science” seems applicable in substan¬ 
tial degree. New managerial concepts and their applications have produced 
new technology. These developments can be most quickly grasped and 
their application understood by means of formal education. This book 
is valuable and unique as a teaching vehicle in that it deals with both con¬ 
cepts and their situational application. Too few textbooks do this. 

Learning from Experience 

In a sense the cases in this volume provide an opportunity 
to learn from experience. It long has been said that “Experience is the best 
teacher.” Exposure to experience as a way to learn certainly is good in 
that it is situationally realistic and fosters motivation through involvement. 
The trouble with experience as a teacher is that it is unpredictable and 
unstructured; it thereby usually lacks coverage, emphasis, and sometimes 


(V!) 

even common relevance. The combination of declaratory notes, cases, 
and problems as sequenced in this volume captures much of the virtue 
of on-the-job experience and also provides the planned gain that personal 
experience inevitably lacks. This collection of Eastern case material has 
the added virtue of requiring consideration of the social relevance of basic 
technology. Management utilization of new technologies will be productive 
only to the extent the application is consistent with existing environmental 
values and practices. 

Just a word about the character of the content of this book; it is 
unusual in that it is a modern-type casebook about India. The sole justi¬ 
fication for using a printed book in any instructional process is its ability 
to expedite learning. The common declaratory textbook is expected to 
impart information and (hopefully) foster understanding. In performing 
the information/understanding function this casebook is unique in that it 
focuses on Indian business practices and the problems of Indian managers. 
Its problems are “real” problems that field researchers have obtained from 
Indian executives who are facing these situations currently. Students 
study these problems and devise solutions designed to meet the needs of 
the specific business situation and its setting. By so doing the student 
manager-to-be develops skills of analysis—the discretionary application of 
pertinent knowledge—and the basis of wisdom, i.e., ability to learn from 
future experiences. 

Probably the most significant attribute of this book is that it meets 
the universal demand of the current student generation, the demand for 
involvement, that its learning exposures be relevant. 

Production Management—Text and Cases is uniquely concerned with 
Indian managers’ problems, their problems of today and of the decades 
ahead. 


Congratulations 

The problem facing current managers and managers-to- 
be is productivity—output in relation to input. Today, understanding of 
new concepts and utilization of new technologies available is obtained best 
by structured study. The authors of this book, this learning aid, Professors 
Copen, Hegde, Balachandra and Nambudiri, are to be congratulated for 
their unique contribution to the socio-economic goals of the societies of 
which they are a part and the institutions with which they are associated. 

Franklin E. Folts 


Professor of Industrial Management, Emeritus 
Harvard Graduate School of Business Administration 
Soldiers Field, Boston. 

January 26, 1970. 


PREFACE 


The need to acquire knowledge and to develop the requi¬ 
site skills of decision-making in the field of production management has 
never been as great as it is today. In fact the rapid industrialization that 
is taking place in the country has brought an urgency for an equally rapid 
development of managerial abilities—in young graduates through post¬ 
graduate programmes and in young executives through short duration 
management development programmes. For such an educational acti¬ 
vity it is essential not only to have teaching materials of sufficient depth 
and breadth of coverage, but also to provide it in a way that lends itself to 
be adopted to the most effective pedagogy. The present book has been 
written keeping this in view and it covers the relatively simpler production 
situations—in a sense, micro aspects of production management. A sup¬ 
plementary volume, now under compilation by the authors, will deal with 
production management in greater breadth and depth, and will be more 
quantitative oriented. 

The textual material in the book covers the concepts, techniques and 
tools of management that are relevant for decision-making in the area of 
production management, or more precisely in operational situations. In 
each chapter the cases that follow the text deal with real-life management 
situations taken from a variety of industries. These are meant to provide 
an opportunity for analysing the situation in the overall production mana¬ 
gement context, to find alternatives to evaluate them, and to choose one 
or more of such alternatives to make a decision which the situation demands. 
All the cases are from Indian situations and have been carefully selected 
as the most suitable ones. The past few years of teaching through case 
method has convinced the authors that even in a subject like production 
management cases from Indian situations are far more effective than the 
foreign cases. The cases and the textual material contained in the book 
have been repeatedly used in the Institute’s two year programme in Business 
Administration, various Executive Development Programmes and in Intra- 
company Management Development Programmes. 

In deciding on the level at which the material is to be covered, it has 
been assumed that the reader has had no prior, formal management educa¬ 
tion. The material covered starts with elementary building blocks and 
moves gradually to advanced topics relevant to the more complex tasks 
of production management. The cases that come later also demand, on 
the part of the student, more sophisticated analysis of situations presented. 

In the process of exposing the student to various skills, step by step, 
the overall viewpoint of a production executive, namely, that production 
is a central activity and the production manager’s decision will effect other 


closely related functional areas and vice versa, has been kept in mind. 
While the earlier sections deal with production decisions at levels as low as 
shop supervisors, and hence have less effect on the working of other depart¬ 
ments, the topics and cases that come towards the end are more complex 
and are relevant to production executives at levels of Production Control¬ 
lers and General Production Managers. The last section of the book 
containing integrative cases are from more complex situations, deal with 
less of specific problem types and generally bring out the inter-relationship 
between production management on the one hand, and marketing, accoun¬ 
ting, finance and industrial and labour relations on the other. 

Management of production, viewed as managing the optimal use of 
resources like men, machines and material, is covered through properly 
identified areas or topics of study given in logical sequence. Starting with 
an introduction to and an overview of production management the book 
covers topics like work simplification and man-machine systems, selection 
of process methods and process facilities, layout of facilities, planning, 
scheduling and controlling of production, concepts and policies of inventories, 
line balancing and finally human elements of production, such as job eva¬ 
luation, wage incentives and salary administration. 

This volume is planned to serve adequately for offering a 35-40 session 
course in production management. The judicious selection of cases from 
among the different sections can furnish material for a shorter course such 
as a programme in production management for practising executives. 

This publication, the first of its kind in India, is specially prepared 
to meet the needs of teachers of business and industrial management, of 
directors of in-company management development programmes and to 
others interested in developing managerial skills. The book also provides 
a solid base in production management, to those intending to take up 
advanced studies in this field. 

The textual part of this book is based on a number of original sources 
referred to in the footnotes or given under the list of references at the end 
of chapter. Apart from this, the sources of certain specific charts, tables 
and extracts have been mentioned in appropriate places. 

The cases are original contributions of the authors. Mr. K.Y. Parames- 
waran, former Research Associate at the Institute, has helped in the prepara¬ 
tion of a few cases. The authors wish to gratefully acknowledge this help. 

The authors are most grateful to Prof. Ravi J. Matthai, Director of 
the Indian Institute of Management, Ahmedabad, for his encouragement 
and for giving us the permission to include the cases in this book. 

Prof. B. K. Hegde 
Prof. Melvyn R. Copen 
Prof. R. Balachandra 
Prof. C.N.S. Nambudiri 
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All cases and technical notes in this volume are individually copyrighted 
by the Indian Institute of Management, Ahmedabad. In some cases 
the name of the company has been disguised. However, disguises so 
employed have not altered the salient characteristics of the problems 
which confront the management of the firm. Case materials arc prepared 
as bases for class discussion and are not designed to present illustrations 
of either correct or incorrect handling of administrative problems. 




part one INTRODUCTION 






Case Study for Part One 


READYWEAR DRESS MANUFACTURING 

COMPANY 


In May 1968, Mr. Oza, the Managing Director of the 
Readywear Dress Manufacturing Company, was reviewing the operations of 
his company with a professor of a well-known management institute in the 
North. Before undertaking any studies, the professor requested Mr. Oza to 
give him some details about the background and operations of the Company. 

“Ours is one of the oldest readymade garment manufacturing com¬ 
pany in India,” said Mr. Oza. “My father along with four of his brothers 
started this firm in 1930 in a small rented shop. He bought eight ordinary 
sewing machines and employed eight tailors. The brothers divided among 
themselves the work of purchasing, supervising production, sales and 
general administration. The company progressed fast and by 1947 had 200 
employees. The trade-mark of the company (Readywear) was well-known 
all over India as quality, middle class garment. The yearly sales volume 
had reached about Rs. 30 lakhs and the production was 1,000 garments 
a day. Our product line is very large—we produce 27 different products 
(Exhibit 1) in a number of styles, sizes and material, making a total of 500 
different varieties. 

“With the large increase in demand for the products, it became 
necessary to change to mass production techniques. The company import¬ 
ed high speed electrical sewing machines and set up line system of manu¬ 
facture in 1948. Since then we have grown only moderately—now we 
employ about 500 (including office staff) and produce about 2,000 garments 
a day. But we can produce 10,000 garments a day, with a small increase 
in production staff. Our sales last year was Rs. 45 lakhs only. To give 
you a better picture of the operations, I think we should take a tour of 
the factory and I will describe the operations as we go along. 

“Let us start with the Cutting Department. The cloth bales are 
brought from the warehouse according to the instructions from the plan¬ 
ning section. The cloth bales are generally 1,000 metres long. 

“The cloth is spread on the long table here in layers of about 10 
metres each. A bale gives about 100 layers which is sufficient for about 
400 shirts or trousers. For other garments, the number of layers may be 
less. Generally, we plan for a batch size of 90 or multiples, as the maxi- 
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mum number of layers the culling machines can cut is only 90. For some 
special orders, we reduce the batch size to less than 90, but always a 
multiple of 9—thus 27, 36 or 45 each. However, 27 is the smallest batch 
we handle. 

“The cloth is spread on the table by two workers. They look for 
any defects in the cloth as they lay it and mark them. These defective 
places are later removed before stitching. The laying of cloth takes bet¬ 
ween an hour and an hour and a quarter for two men. 

“We use templates for marking the outlines of the pieces to be cut 
for the manufacture of the garments. The templates are made of card¬ 
board in the shape of the pieces that go to make the garment. Since each 
style and size of garment requires different shapes of cloth pieces, we have 
as many sets of templates as the total number of different style, size combi¬ 
nations—about 150. As the designs become obsolete, these templates have 
to be discarded. 

“Our sales people and distributors constantly keep us informed 
about new styles. Whenever a new style of garment is to be introduced, 
we first make one trial garment in our job order section. After the design 
is approved, we remove the stitching and use the pieces to make the tem¬ 
plates for that garment. For the different sizes of the same style we have 
to make a few more templates of those pieces which differ in size. For 
example, in the case of shirts, the templates for the collar have to be 
different; but the pockets are the same. For standard width cloth and high 
demand products the templates are perforated with the outlines. He just 
has to arrange them along one edge and sprinkle marking powder on the 
templates—an operation which hardly takes 15 minutes. For non-standard 
widths, the templates have to be arranged with great care to minimise 
wastage in cutting and then the outlines are marked. The marking opera¬ 
tion for non-standard widths takes about one hour. The edges and cor¬ 
ners of the cloth, which we cannot use, we sell it to paper manufacturers. 

“The cloth layers are then cut by electrically operated cutting machine. 
This machine consists of a reciprocating sharp knife. By moving this 
knife along the lines marked by the master tailor, the cloth is cut into the 
required shapes. It takes between thirty minutes and one hour to cut 
one lot. Small pieces and sharp corners are usually cut on the band knife 
machine located in a corner. This machine is similar to a band saw except 
that there is an endless knife. These cutting machines have speeded up 
the cutting operations considerably. Before these machines were intro¬ 
duced we used to cut the cloth manually, which limited the number of 
layers to only five and was very cumbersome. 

“This department at present employs 23 workers, all men. Looking 
at the working now, you may say that there is too little work; but most 
of the work is in the morning when everybody is busy. On an average 
about 30 different cuttings are required in a day.” 
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The main factory consisted of 8 spans in a row (see Exhibit 2)—A 
to H; each span was 100'x40'. The cutting department was located in 
span E. Span H was the warehouse. Span D was the Button and Inspec¬ 
tion Department. Spans B, C, F, G and half of span A contained produc¬ 
tion lines for the manufacture of different garments. The ironing depart¬ 
ment was in the other half of span A. The layout of the factory is shown 
in Exhibit 2 and the layout within a production span is shown in Exhibit 3. 
The products manufactured in the spans are as follows: 

Span Products manufactured 

A Idle 

B Shirts, Bush-shirts, Trousers, Job orders 

C Trousers, Boy’s Trousers, Boy’s Knickers, Pyjamas 

F Shirts (half-arm and full-sleeves), Boy’s Shirts, Boy’s 

Bush-shirts, Embroidery 

G Terylene and Terycot products — Shirts, Bush-shirts, 

Trousers, Frocks, Baba Shirts and miscellaneous items 

Mr. Oza then took the professor to span F, where only one pro¬ 
duction line was in operation producing cotton half-sleeves shirts. This line 
consisted of two long tables. The first table, where the body of the shirt was 
produced, had nine machines and eleven operators. The second table, where 
the collar was made and attached to the body to form the complete shirt, 
had eight machines and thirteen operators. The operators were all women. 

The pieces from the cutting department were transferred to one of 
the production lines depending on the product. The lines were arranged 
taking into consideration the operation sequence for the production of the 
garment. The worker at the start of the line inspected each piece, perform¬ 
ed the first operation and passed it on to the next operator. The piece 
moved around the table continuously with operations being performed at 
each stage and new pieces added on. At the end of the line the garment 
was completed. While showing the shirt line Mr. Oza remarked, “From 
our long experience we are able to set up the line to produce at the most 
optimal rate. In this half sleeve shirt line, for example, you can see that the 
average time for each of the 24 operations (two of which are inspection) is 
only one minute, and the line produces at the rate of one shirt per minute.” 

The professor asked, “How do you determine the location of the 
machine and the operation sequence?” 

Mr. Oza explained, “Basically, there are only 4 types of sewing machines 
used in our factory—the single stitch, the double stitch, the single stitch 
with knife and the interlock stitch. From our experience, we know the 
correct sequence in which the parts of the garment are to be stitched 
together. We also know the machines needed. 

“You notice that these tables have a common drive shaft underneath 
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run by an electric motor with provisions for belt drive to individual machines. 
After we determine the sequence and the machines, we instal the machines 
on the table as per the operation sequence. This job is done by our 
mechanics. We have a team of five mechanics who arc experts in repairing 
sewing machines and in the repair of other machines such as the cutting 
machines. The setting up of the sewing machines on the line takes about 
4 hours for 2 mechanics. 

“Then we operate a trial run in which we determine the manual 
operations needed and the helpers required to move the material between 
work stations. After finalising these, we commission the line for regular 
production. The operation sequence for a style is the same for all sizes 
and materials. We do all of these more or less on a trial and error basis. 
We know that we could be doing a better job by applying industrial engi¬ 
neering techniques, but qualified industrial engineers come very expensive. 

“The skills required on the production lines are not uniform. The 
girl over there, stitching the top seam of the collar, is a highly skilled 
operator as the job is very critical. The quality of the shirt depends on 
this job as nobody would like to wear a shirt with the collar stitched all 
awry. An operator needs at least one year’s training to do this job well. 
On the other hand, this girl here who is stitching only the inside of the 
collar, is fairly new. This job needs hardly 8 weeks’ training. • Generally, 
we assign the new employee as a helper to move the material; after two 
months we assign her to simple tailoring jobs. As she gets more proficient, 
we move her to more complex jobs. It takes about one year to become a 
skilled tailor. 

“In any assembly line, you need operators who can handle any job 
on the line to take the place of absentees. On such occasions, we generally 
try to put experienced and skilled operators. Of course, this is not always 
possible—see that girl attaching the collar to the body of the shirt is fumb¬ 
ling. The regular operator is absent today and this girl has been trans¬ 
ferred from another line which is not working. Fortunately, there is good 
cooperation among these girls and the substitute gets plenty of help so 
that the output of the line is maintained. 

“The wages in this section start from Rs. 2.00 per day for trainees and 
helpers and go up to a maximum of Rs. 4.00 per day for skilled tailors. 
There are men tailors too—they work in the job order section and machine 
embroidery. They are highly skilled and earn about Rs. 6.00 per day. 

“Sometime ago, we considered introducing production incentives 
in the sewing sections. Although it would have increased the production 
rate considerably, we were afraid that the quality of the garments would 
deteriorate due to the eagerness of the workers to earn more. We already 
had a reputation as a manufacturer of garments for the lower middle class 
and we were trying to establish ourselves as manufacturers of quality 
garments too. Considering these factors, we abandoned the idea and 


CASE STUDY FOR PART ONE 


7 


instead tightened our inspection—from just one final inspection before, 
we have at least four inspections at different stages of manufacture. You 
can be sure of the quality of any garment despatched from this factory. 
Defectives in manufacture or in the material are disposed of as “seconds” 
at throwaway prices. 

“You may notice that quite a few workers are not having any work. 
At present we are overstaffed, as the workload is low. We considered 
cutting our labour size—but we have invested plenty of money in their 
training and it is not very easy to train new employees. So we are main¬ 
taining a larger labour force than necessary. 

“Fortunately, these idling workers have not created any morale 
problems. They work quite hard when work is given to them. We have 
a union and presently our relations are cordial. To my mind, our large 
female workforce is a major factor for this state of affairs. Women, as 
you know, are not as violent as men.” 

Mr. Oza then took the professor to span D which housed most of 
the finishing operations on the garments—button-hole making, stitching 
of buttons, trimming the garments of all loose threads and final inspection. 
There were a few machines to make the button-holes and to stitch buttons. 
The trimmers and inspectors were all women. The button-hole making 
machines and the button stitching machines were operated by men. There 
was no particular reason for this allocation. 

While showing the button stitching machine, Mr. Oza remarked, 
“These machines are comparatively slow—they are manual as they require 
the operator to pick up and locate the button and the garment under the 
stitching head. These machines can stitch a maximum of 10 buttons a 
minute, and that too if the operator is experienced. We recently imported 
an automatic button stitching machine. This has a hopper for buttons and 
they are fed automatically. The operator has only got to locate the garment 
correctly under the stitching head and operate the switch. After only a 
week’s training an operator can produce at the rate of 30 buttons a minute. 

“We are keeping the machine idle now, but not for lack of work. 
The quality of buttons we get is very poor—they are not uniform. This 
results in frequent jamming of the machine. After trying this machine 
out for a couple of weeks, we have now kept it idle. We hope to start it 
again when we are able to get uniform quality buttons. • 

“In trimming, all the loose threads from sewing are removed by 
hand. We have 26 women for doing this. After trimming, the garments 
are inspected by five inspectors, again all women. They thoroughly check 
the garments for all possible defects such as missed stitches, loose buttons, 
defective material, etc. The defectives are marked “seconds.” 

“We have only five inspectors at the final stage as our inspection 
procedures all along the line are very rigid. We have paced the production 
at a slower rate to improve the quality. With the increased control on 
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quality our manufacturing defectives arc hardly over one per cent. We 
lose a few garments due to defective material—of the order of half of one 
per cent.” 

Next they went to span A where the garments were ironed. There 
were 20 men in this section. Individual garments were ironed by heavy 
industrial electric irons on ironing boards. The average output was about 
10 garments per hour per man. The workers in this section were paid an 
average of Rs. 2.50 per day. 

Mr. Oza commented, “This is a very tiresome job for the workers. 
Recently, I saw an advertisement in one of our trade journals that an 
automatic ironing machine is available for about Rs. 50,000. But this 
has to be imported. This machine consists of two rollers which are heated 
by steam from inside. The garments are passed between these two rollers 
when they are ironed in a matter of seconds. According to the advertise¬ 
ment, this machine can handle almost 200 garments an hour which is a 
little less than our present production rate. I am not very sure whether 
we should buy this machine. One of the major problems with any of these 
machines is their maintenance.” 

The last section they visited was the packing section. This was 
separated from the factory by a road. This section employed mostly 
women. The ironed garments were put into cellophane envelopes, after 
inserting the necessary stays. The cellophane wrapped garments were 
finally packed into cardboard boxes in threes and sixes. The costly garments 
such as terylene products were packed individually. After marking the 
boxes with the codes for style, size and colour of the garments the boxes 
were transferred to the warehouse. 

Back in Mr. Oza’s office, he remarked, “Well, Professor, now you 
have seen the entire manufacturing operations of our company. Although 
making a garment itself is very simple, when it is to be mass produced 
there are plenty of problems. 

“Two of our biggest problems are inventory and production planning. 
We stock about 200 varieties of cloth in the raw material warehouses. We 
stock more than 500 varieties of products in our finished goods warehouse. 
Our market is highly seasonal and the product styles change quite rapidly. 
Our production lines are economical only if we produce more than 400 
garments of a style; otherwise we do not break-even with respect to set-up 
costs. One way to simplify our production planning problem is to plan 
and produce at least the minimum numbers in each variety. But this 
imposes a tremendous drain on our resources in terms of inventory holding. 
And right now, our financial position is not too good. So, we produce 
goods when we receive orders and this naturally creates lots of problems 
in the production as the schedules are changed very frequently. The 
production plan is determined, you see, not only by the requirement, but 
also by the availability of cloth.” 
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Exhibit 1 


READYWEAR DRESS MANUFACTURING COMPANY 
The Product Line 


SI. 

No. 

Product 

No. of 
styles 

No. of 
sizes 

No. of total 
combinations* 

1. 

Adults Coats 

2 

9 

18 

o 

2. 

Adults Knickers 

2 

9 

- 18 

3. 

Adults Trousers 

9 

9 

81 

4. 

Adults Pyjamas 

3 

4 

12 

5. 

Adults Bush-shirts 
(full sleeves) 

5 

10 

50 

6. 

Adults Bush-shirts 
(half sleeves) 

6 

10 

60 

7. 

Adults Shirts (half sleeves) 

3 

10 

30 

8. 

Adults Shirts 

(single cuff, full sleeves) 

8 

10 

80 

9. 

Nehru Jubbas 

1 

8 

8 

10. 

Night Suits 

1 

7 

7 

11. 

Adults half drawers 

4 

4 

16 

12. 

Boys Shirts (single cuff, 
full sleeves) 

4 

10 

40 

13. 

Boys Shirts (half sleeves) 

4 

10 

40 

14. 

Boys Shirts (Manila, full sleeves) 

4 

10 

40 

15. 

Boys Bush-shirts (half sleeves) 

4 

10 

40 

16. 

Boys Knickers 

5 

10 

50 

17. 

Boys Trousers 

7 

10 

70 

18. 

Boys Pyjamas 

1 

10 

10 

19. 

Boys Underwears 

2 

6 

12 

20. 

Juvenile Suits 

1 

4 

4 

21. 

Girls Underwears 

2 

6 

12 

22. 

Girls Frocks (half sleeves) 

6 

9 

54 

23. 

Girls Langa 

1 

5 

5 

24. 

Convent Frocks 

1 

7 

7 

25. 

Ladies Petticoats 

3 

5 

15 

26. 

Ladies Bodice 

1 

7 

7 

27. 

Pillow Covers 

2 

2 

4 



92 


790 


* The total number of active combinations at any time was only about 200. Some 
of these were manufactured from a maximum of 20 varieties of cloth, bringing the total 
active product line to more than 600. 
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Exhibit 2 

READYWEAR DRESS MANUFACTURING CO. 
Layout of the Factory 


Span A 

Ironing 


Span B 

Production—Shirts, 
Bush-shirts, 

Trousers 


Span C 

Production—Trousers, 

Boys Knickers, Boys 

Trousers, Pyjamas 


Span D 

Buttonhole making, 

Button attaching. 

Hand Work, Trimming 



PASSAGE 

Span E 

Cutting 


Span F 

Boys Bush-shirts, Boys 

Shirts, Shirts Half and 

Full, Embroidery 


Span G 

Trousers, Terylene Shirts 
etc., B-Shirts, Frocks, 

Baba Suits 


Span H 

Warehouse 



I 


F. G. Warehouse & Despatch Offices 
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Exhibit 3 

READYWEAR DRESS MANUFACTURING CO. 
Layout of a Production Span 
(Not to Scale) 

100 ' 


Table 


i 

Table 

(24 Stations) 


(18 Stations) 


Table 


Table 

(24 Stations) 


(18 Stations) 


Table 


Table 

(24 Stations) 


(18 Stations) 
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COSTS FOR 
DECISIONS 
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ANALYSIS OF COSTS FOR DECISIONS 


Management is frequently called upon to make operating 
as well as policy decisions that have an effect on the operations and on 
profits, either in the short run or in the long run. In the area of production 
management, managers may have to take decisions on whether to make a 
particular part or to buy it from outside, which of alternate process methods 
to choose, whether to buy machine type A or type B, etc. In the analysis 
of alternate choices, the most important consideration is the cost associated 
with such decisions. Without a sufficiently clear appreciation of the costs 
it would not be possible to assess the financial gains; and without a 
knowledge of the relative net gains no rational decisions can be taken. 

Fixed and Variable Costs 

Let us now try to understand what some of the costs are 
and which of them are relevant for different kinds of situations involving 
decisions. We all know that in manufacturing a product one or more 
materials have to be used, and in processing these materials into a finished 
product some work must be done by workers. For both of these we have 
to spend money. For materials we will be paying the suppliers, and for 
the work done to convert raw materials into finished products, we pay 
wages to employees. The two kinds of expenses are called material cost 
and labour cost respectively. These costs have to be incurred on every 
unit of the product made and therefore increase or decrease with the volume 
produced. Hence these are called variable costs. 

Other than the two kinds of costs mentioned above, there are a few 
expenses which are generally grouped together and categorized as Over¬ 
head Expenses. For a manufacturing company, with which production 
managers are more concerned, illustrations of this class of expenses, divided 
into sub-groups, are given below: 

(a) in the factory. Repairs and maintenance, tools, supplies, 
power, wages of indirect workers like materials handling men 
and helpers, salaries of shop supervisors, managers and factory 
office staff, depreciation, insurance, etc. All these expenses 

15 


16 


PRODUCTION MANAGEMENT—TEXT AND CASES 


grouped together are known as Factory Overheads. 

(b) in the administrative office. Salaries of top management 
and office staff, cost of office supplies, depreciation of office 
building and equipment, insurance, corporate income taxes and 
legal expenses. This class of expenses is known as Adminis¬ 
trative Overheads or Administrative Expenses. 

(c) in the sales office. Salaries of marketing and sales managers 
and sales office staff, cost of office supplies, repairs and mainte¬ 
nance to office building and equipment, depreciation of buildings 
and equipment, travel and other selling expenses, advertising 
and sales promotion, bad debts, etc. These expenses are known 
as selling expenses or sales overheads. 

The expenses a, b and c mentioned above do not vary with every 
additional product made. For example you manufacture 500 of the product 
in January, 450 in February and 600 in March. You would spend neither 
less in February nor more in March, compared to what was spent in 
January. Therefore these expenses are considered fixed expenses. Strictly 
speaking, however, costs such as the cost of power, oil, consumable tools, 
etc., used in the manufacture of products are variable to some extent and 
can be called semi-variable expenses. 

When we brand a certain cost as fixed or variable, it is important to 
know under what conditions it is “fixed” or variable. For example, if the 
maximum capacity of the existing two machines is a production rate of 
600 units per month, and if we want to produce at the rate of 700 units 
per month, we may have to buy additional equipment. Let us assume 
that we cannot add capacity in steps equivalent to 100 units but instead 
should add a machine that would enable us to produce an additional 300 
units or less per month. Now, at a production level of 700 units per 
month the total depreciation charge has changed, though when the produc¬ 
tion increased from 500 to 600 units per month it remained the same. 
Thus what was a “fixed” expense under certain conditions has now become 
variable though the variability is certainly not the same as in the case of 
material cost. Now let us consider a variable cost, say the direct labour 
cost. Suppose the present production level is 500 units per month but the 
same men can make up to 600 units per month. Let us also suppose that the 
labour is paid guaranteed minimum wages and no piece rate system is in force. 
It is clear that we incur the same total direct labour cost whether we produce 
500 or 600 units per month. Put another way, we can say that between the 
level of 500 and 600 units even the direct labour cost is actually a fixed cost. 
The notion of fixed and variable costs, therefore, should be understood more 
in relation to other relevant factors than through a conventional approach. . 

The categorization of costs as fixed, semifixed, variable, etc., and 
allocation of these to products on a certain basis is done to find out the 
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total or full cost of a product. This is known as accounting cost. In 
different kinds of decision-making situations, however, the concept of 
accounting cost would not be relevant. As Harlan and Christenson say, 
“for decision-making purposes, the most useful answer is one based on an 
analysis of the specific cost items in the specific situation in which a specific 
decision is to be made.” 1 

Marginal Cost 

The concept of marginal cost can be briefly stated as the 
use of costs in choosing between alternatives where only the additional 
cost to be incurred in choosing a particular alternative is treated as the 
relevant cost. Costs previously incurred will not be relevant for the 
decision making. The rationale behind such an approach is that any 
progressive business should take into account, or accept as a given condition, 
the status quo in decision making. 

The term “marginal cost” is synonymous with “incremental cost,” 
“out-of-pocket cost,” etc. Some economists make a slight distinction 
between incremental cost and marginal cost in that the former refers to 
unit changes, whereas the latter is not necessarily restricted to unit changes. 

Opportunity Cost 

Opportunity cost can be defined as the cost of an oppor¬ 
tunity foregone in the choice of a particular course of action. To illus¬ 
trate, let us assume that a man having Rs. 100 has two alternatives: 
(a) of keeping the money in a safe in his house, or (b) depositing it in the 
bank on a fixed deposit and earning an interest of, say, seven per cent per 
annum. We can now say that the opportunity cost of keeping the money 
in his safe for one year is a seven per cent interest on that money or Rs. 7. 
Let us view it differently. The man is actually thinking of depositing the 
money in the bank and he wants to know the opportunity cost of such a 
decision. The other alternative remaining as before, namely of keeping 
the money in his safe, the opportunity cost of depositing the money in the 
Bank is zero. In other words the cost of the foregone opportunity is zero. 

In actual business situations the problem may not be as simple as 
stated above. The costs and benefits of each alternative may have to be 
worked out separately taking into account several relevant factors, and 
finally the net gain would have to be worked out. 

SOME TYPICAL DECISION-MAKING SITUATIONS 

1. Choice of a Production Process 

Often production managers come across situations where 
they have to choose between two or more alternative process methods to 


1. Nail E. Harlan, Charles J. Christenson, and Richard Vencil, p. 10. 
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manufacture a particular product. It is of course understood that, irres¬ 
pective of the process method used, the final product will serve the purpose 
for which it is meant adequately. Commonly, the new method will have 
both advantages and disadvantages, perhaps in terms of cost as well as 
other factors. Assuming that other factors are not of overriding import¬ 
ance, let us examine how an analysis can be made on the basis of costs 
relevant to this decision-making. 

Let us consider the following situation of Deepak and Company which 
has to make a decision based on costs to choose the right production process: 


Present 

1. Process (a) Drop forge 

Method and (b) Turn in lathe 
Operations 

(c) Drill and ream 

(d) Make keyway in 
slotting machine 


2. Tools, 
Fixtures, 
etc. 


3. Rejection 


Forging die costing 
Rs. 2,400, and having 
a life of 3 years at 
present production 
rate; die has already 
been used for 1 \ years 
5 per cent in the for¬ 
ging operation 


Proposed Method 

(a) Steel casting 

(b) Turn in lathe—less 
turning than at 
present 

(c) Drill and ream— 
same as at present 

(d) Slotting - machining 
required is only 20 
per cent of the present 

Metal pattern costing 
Rs. 1,500 and at present 
production rate, also 
has a life of 3 years. 


3 per cent rejection in 
foundry 


note: Rejections due to machining and due to forging/casling, but identified 
during machining are the same for both process methods. 


For this company let us also assume that the total overheads for the 
forge shop, the foundry, and machine shop of the factory are 150 per cent 
of direct labour, and the break up is as follows: 


(a) Consumable tools, sup¬ 
plies and power 

(b) Indirect labour (material 
handling and cleaning) 

(c) Supervisors’ salary 

(d) Depreciation of machinery 

(e) Repairs and maintenance 

(f) Allocated plant costs 


20 per cent of direct labour cost 

10 per cent of direct labour cost 

10 per cent of direct labour cost 
10 per cent of direct labour cost 
15 percent of direct labour cost 
15 per cent of direct labour dost 


total 


150 per cent 
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the material and direct labour costs. It is relatively easy 
to see the relevance of taking the material and direct labour costs which 
form the prime cost. In the case of forging, the cost of steel used, and 
in the case of casting the cost of cast steel (only material) are the respective 
material costs. The direct labour cost in foundry and the forge shop should 
be similarly taken into account under each alternative. In the machine shop 
there will be further expenses on direct labour for doing the machining 
operations b, c, and d. For two of the machining operations, there is less 
machining to be done under the new process. Both in regard to machining 
and the previous primary fabrication job (i.e., casting or forging), we should 
be clear as to whether the labour cost for only the actual time spent in the 
new method should be taken, or whether it would be different. The labour 
used for casting is certainly relevant and therefore should be considered. 
Suppose the labour used in the forging operation cannot be assigned other 
productive work, remains idle, but still has to be paid. Such labour 
cost would also become a cost while considering the casting process. 
Similarly, if the operators doing machining operations (b) and (d) cannot 
be assigned useful alternative work for the duration of time saved in 
machining, the direct labour cost for all the three machining operations 
would remain the same as before. If, on the other hand, the machinists can 
be given alternative work or workers can be laid off, there will be a reduction 
in the direct labour cost for operations (b) and (d) proportionate to the 
reduction in machining. If workers have to be laid off, the lay off compen¬ 
sation would naturally be a cost associated with the proposed process method. 

indirect cost. In finding out what type of indirect (but generally 
classified as overhead) costs are relevant to the decision, we would have to 
find answers to the questions: “Is this cost going to increase or decrease with 
the change in process method and if so to what extent?” If we follow this 
approach we come to the following conclusion: 

(i) Consumable tools, supplies, and power vary with utilization of 
equipment concerned, and therefore the cost is relevant. The 
expenses of the turning and slotting operation will be reduced 
because the machines will be used for less time than before. 

(ii) Material handling, shop cleaning, etc., are not likely to change 
to any appreciable extent; hence the cost will remain as before. 

(iii) / There will be no change in the number or type of supervisors. 

Hence cost remains as before. 

(iv) Depreciation of machinery is a fixed expense and does not change 
with slight change in utilization. 

(v) Repairs and maintenance is a relevant cost and will vary with 
machine utilization. 

(vi) Allocated plant costs is a fixed cost and will not change with the 
j, use of the new process method. 
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The cost of patterns for moulding becomes a relevant cost and 
should be considered. (Since the life of pattern has a definite 
relationship with output, the cost of the pattern can be distributed 
over the production achievable). On the other hand the 
amortization expense for the remaining life of the forging die is 
not a relevant cost, but is a ‘sunk’ cost. However, to the extent 
of whatever salvage value the die might procure (e.g., the same die, 
after machining, perhaps, could be used to prepare another die, 
in which case at least raw material cost will be saved), the cost of 
pattern could be reduced. 

The cost towards rejections is a pertinent cost and should be 
taken into account. 

Any other quantifiable cost associated with the new process 
should also be considered. For example, if in the foundry the 
new casting job can be taken only by working some workers on 
overtime, then the labour cost should be taken at overtime rate. 
In addition, if the job in the foundry forces a re-arrangement of 
shop floor, such costs would also become relevant. Further, 
suppose the new job to be done in the foundry can be done only by 
foregoing a certain other profitable production job, the cost of 
such a sacrifice of profits becomes the opportunity cost, and 
should therefore be taken into account while making the decision 
to go in for the casting process in preference to forging. 

2. Choice of a Production Machine 
Essentially this is an investment decision and the most 
important part of the analysis will be consideration of cost of capital and 
the use of the appropriate investment criteria. Nevertheless, before really 
using the investment criteria, the operating and maintenance costs associated 
with the use of alternate machines should be known sufficiently accurately 
and the selection of the types of costs should be based on rational grounds. In 
this chapter, we shall be dealing with such costs only, leaving the investment 
analysis to be covered in a subsequent chapter. As before, we shall illustrate 
the appropriateness or otherwise of using certain costs through a problem. 

problem. Deepak & Company has a worn out HMT engine lathe 
which cannot be used any more. The company has not made up its mind 
whether to replace it with another HMT lathe of the same design or to go 
in for a turret lathe to manufacture a high volume part. 

Some of the major operating cost elements are (a) floor space, (b) 
direct labour hours, (c) machine setup costs, (d) power and supplies, (e) 
repair and maintenance, and (f) the rejection rate. For the time being 
we will not be considering cost of capital and other investment aspects. 

While considering a, b, and c we should bear in mind the opportunity 
cost and incremental cost concepts. For instance, if more space is required 


(vii) 


(viii) 

(ix) 
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and if space, presently idle, is used, there is no cost for the additional space. 
On the other hand, if less space is used and the space saved cannot be used 
profitably, there is no saving in cost. In terms of considering direct labour 
costs it is possible that the turret lathe may need a worker of different skill 
category and the amount of actual manual work in the machining of the 
part may be less than in the case of engine lathe. But before assigning 
a cost in this respect, we should find out the cost of opportunity sacrificed 
by using a worker of different skill level. Similarly, we want to know 
whether the saving in manual work has enabled the worker to do any 
other profitable job during that period. If the reduced manual work has 
not resulted in any reduction of labour cost, the fact that more work 
has been machanized does not affect the cost. (There is of course an 
intangible gain, viz., that the worker will be less tired, would perhaps work 
longer hours, and the general morale would be improved.) Production 
by turret lathe would require the machine to be set-up by a specially trained 
set-up man. If the company already has a set-up man who has spare capacity 
to do the turret lathe set-up, there is no additional cost. If not, the addi¬ 
tional cost incurred in doing the set-up becomes a relevant cost. 

Costs d, e, and f are relevant and should be taken at appropriate rates. 

3. A Choice Between Making a Part and Buying It 

problem. Deepak & Company has been buying a parti¬ 
cular part from one of the neighbouring industrial units at a price of 
Rs. 6.90. The part is made from cast iron castings and machined to 
required dimensions. Even though Deepak & Company could manu¬ 
facture this, it has subcontracted the job because both the foundry and the 
machine shop had no spare capacity. Because the load on the company 
had decreased, the company was now re-examining the matter to find out 
the economies of making the part in its own plant. The cost analysis done 
when it decided to subcontract the job was as under: 


A. 

FOUNDRY 



(0 

material cost 

Rs. 

3.00 

00 

direct labour cost 

Re. 

0.75 

(iii) 

overhead* 

Rs. 

1.12 


Total 


B. 

MACHINE SHOP 



(0 

direct labour cost 

Re. 

1.00 

(«) 

overhead* 

Rs. 

1.50 


Total 2.50 

Grand Total 7.37 

* Factory overhead in both foundry and machine shop worked out to 150% 
of direct labour and the breakup for both departments was as given earlier on page 18. 
The rejections in terms of their particular part were negligible. 
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As the calculation above proves, it was more economical to buy the 
part than to make it; but now that the company has spare capacity in its 
foundry as well as machine shop, the economics would change. An analy¬ 
sis would indicate that certain fixed expenses like machine depreciation, 
supervisors’ salary, and allocated plants costs are either not relevant or 
would remain unchanged whether the company makes the part or continues 
to buy from outside. The cost analysis relevant for the present situation 
would, therefore, be as under: 


A. 

(0 

FOUNDRY 

material cost 

Rs. 

3.00 

(ii) 

direct labour cost* 

Re. 

0.75 

(iii) 

variable overheads, towards tools, supplies and 
power, and towards repairs and maintenance 
@ 35% of d. 1. cost 

Re. 

1 

0.26 

B. 

MACHINE SHOP 



(0 

direct labour cost* 

Re. 

1.00 

00 

variable overheads, towards tools, supplies and 




power, and towards repairs and maintenance 
@ 35% of d. 1. cost 

Re. 

0.35 



Rs. 

5.36 


It is clear from the above that it is cheaper for Deepak & Company 
to make the part than to sub-contract it. 

The cost analysis for make-buy decisions can be made use of not 
merely for specific individual items but even for a whole range of parts 
so that the relative cost advantages of the different parts being made in the 
company could be known. If the cost analysis is available for most, if not 
ail the parts, which let us assume can be purchased from outside suppliers, 
it would be possible for the company to sub-contract the least profitable one 
and accept a fresh outside order where the profit margin would be higher. 

This of course assumes that the capacity is near full utilization for, if this 
is not the case (i.e., if there is plenty of spare capacity) the company’s 
direct costs alone are likely to be lower than what a normal vendor would 
charge. 

4. Use of Opportunity Cost Concept : 

Some Special Care 

The reader must have noted the statements like workers 
being ‘nearly fully loaded’ with work and the machine at ‘near full utiliza¬ 
tion’ of capacity. These would need some explanation. 

_ 

♦ With the fall in orders the company laid off some workers and the existing men 
are nearly fully loaded. If they are not to work on this part they would be put on some 
other production job and hence the direct labour cost is a variable cost. 

1 

__ I 
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It has been said earlier that at the point of making a decision if resources 
like labour or machine have considerable spare capacity their cost will not 
be relevant. Suppose the situation is slightly different and at the time of 
making a decision the labour or machine under consideration is already 
loaded up to, say, 90 per cent of capacity and we are considering use of 
another six per cent. Even though the needed six per cent is available at 
the time of making the decision, by using that capacity we might be loading 
the resources even beyond capacity, in the near future. This is more true in 
the context of a dynamic and progressive situation that we are usually 
concerned with. It is, therefore, customary to consider capacities beyond 
a ‘near-full utilization’ level at their pro-rata fixed costs. 

Apart from the fact that we are considering a progressive situation 
(it is likely that the normal growth or upward fluctuation may be more than 
the little margin that may be left), it is also possible that our figures in terms 
of requirement of capacities may not be very accurate and we might over¬ 
shoot the mark. In the event of such errors the alternative may either be 
not feasible or might be possible only with the help of additional resources 
like working on overtime (and hence cost may be higher than normal) or by 
duplicating the resources. The following example might help towards a 
better understanding of the subtle difference in using the opportunity cost 
concept in relation to use of men and machines. 

Suppose in a process method under consideration or in the calculation 
of Economic Batch Quantities we have to find out whether the set-up man’s 
wages should also be a part of the set-up cost. If the set-up man is already 
there and has plenty of spare capacity (particularly in relation to the demand 
on his time for the alternative under consideration) his wages will not be 
relevant. If he is nearly fully (say 90 per cent) loaded with work but can 
do the set-up work by loading himself almost to 100 per cent level, then it is 
usual practice to consider his wages, or the period spent on the set-up, as 
part of set-up cost. Similarly the opportunity cost of machine capacity 
foregone because of set-ups would become relevant if the machine is nearly 
fully utilized. The opportunity cost of the machine capacity may be the 
profits foregone (i.e., sales value of production obtainable from that 
machine-time minus cost of sales). 

We might naturally ask the question what is near full utilization? 
It is hard to put a figure for this. Some might consider 85 per cent utiliza¬ 
tion as near full utilization whereas some others might consider a figure of 
90 per cent. Essentially it is a matter of judgement of (a) capacity demanded 
by the alternative under consideration, (b) variability of utilization of capa¬ 
city over a period, and (c) immediate future needs of capacity, and relating 
these to current utilization level. 


Case Study for Part Two 


KANVAS ENGINEERING INDUSTRIES 


Kanvas Engineering Industries, a small machine shop 
having automatic lathes, had been invited to bid for the supply of 200 pieces 
of brass nuts by a large precision engineering firm. Mr. Kantharaj, owner 
of Kanvas, was very eager to quote and get the order, as just then he had 
some spare capacity. Also the local business conditions currently were poor 
and there was severe competition among small machine shops. However, it 
was expected that conditions would improve within the next three months. 

During the discussions, the customer had told Mr. Kantharaj that 
this nut was to go in one of the meters assembled by the company. 
Although price was a criterion in deciding on the supplier, the customer 
stressed that more importance will be given to the quality and reliability 
of the supplier. He also told that this would develop into a continuous 
order running into almost 1,00,000 pieces per year. 

Mr. Kantharaj studied the drawing of the nut shown in Exhibit 1 and 
decided that he could use one of the Traub automatic lathes to produce it. 
He also noticed that he could make it in either of the following ways: 

(1) Set up the automatic lathe to drill, tag, chamfer and cut off to 
produce the complete nut. 

(2) Set up the automatic lathe to drill, chamfer and cut off to produce 
the blank nut; thenjuse the bench drill to tap the threads. 

Sketches of the tool set up are shown in Exhibits 2 and 3. 

The two alternatives considered by Mr. Kantharaj produced identical 
parts. However, the second alternative method had to be more closely 
controlled at the tapping stage. The workers in the shop who operated the 
drill press quite were experienced in tapping; also Mr. Kantharaj had himself 
devised some fixtures which enabled even a raw recruit to learn to tap at a 
fairly reasonable speed in a very short time. 

The fixture he planned to use for tapping on the bench drill is shown 
in Exhibit 4. It was expected that it would cost Rs. 20.00 to make this 
fixture. 

In estimating costs, Mr. 0 Kantharaj rounded off fractions for ease of 
calculation. Many times he did rapid figure calculations of prices and 
quoted them as he talked to a customer. In cases where products were 
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identical or very similar to products he had produced earlier, he priced by 
comparison. 

In the present instance, Mr. Kantharaj did some detailed calculations 
and they are given in Exhibits 5 and 6. Exhibit 7 gives the feeds and speeds 
used by Mr. Kantharaj. 

The workers in Kanvas were paid daily wages. The company employ¬ 
ed one set-up man whose job was to set up the two automatic lathes in the 
shop, check their output for quality and keep them adjusted. Almost all his 
time was devoted to this work. There was no set-up man in the evening 
shift and hence the day shift man had to make sure that the machines are 
adjusted to run well in the evening shift, when he left at the end of the 
day shift. 

The man in the evening shift only checked occasionally the output of 
the machines, but did not adjust them. If the output of a machine failed 
to meet the specifications, he stopped the machine. It was adjusted only 
in the morning by the set-up man. 

The machines were kept supplied with bar stock by one of the unskilled 
workers, who generally operated the bench drilling machines. A small 
fraction of their time was spent in supplying the screw machines with bar 
stock, removing trays of finished parts, sweeping and cleaning. 

The set-up man was also the Foreman and was paid Rs. 20.00 per day. 
The other workers were paid an average of Rs. 3.00 per day. Although 
this was comparable to the salaries obtainable elsewhere in the neighbour¬ 
hood, these workers had been clamouring for increasing their wages. 

Mr. Kantharaj had also estimated that it was costing him Rs. 8.00 
per hour to run an automatic lathe. This included the depreciation* 
interest, power, oil and other overheads, excluding the salary of the set-up 
man; whereas, the bench drill cost Rs. 2.50 per hour including the wages 
paid to the operator.* The bench drill was generally used only as a second 
operation machine. 

* The break-up, according to Mr. Kantharaj, was as follows: 


No. Item Automatic Drill Press 




Rs . 

Rs. 

1 . 

Depreciation 

1.30 

0.40 

2. 

Interest 

2.00 

0.60 

3. 

Power / 

0.60 

0.25 

4. 

Oil'/ 

0.10 

— 

5. 

Other overheads (salary of clerk 
and Mr. Kantharaj, rent, etc., at 
100% of above items) 

4.00 

1.25 

6. 

TOTAL 

8.00 

2.50 
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Exhibit 1 

KANVAS ENGINEERING INDUSTRIES 
Details of a Lock Nut 



FRONT ELEVATION SIDE VIEW 



INTERNATIONAL METRIC THD 
5 DIA. PITCH 0.80 

DIMENSIONS IN MM. 


PLAN 



























Exhibit 2 

KANVAS ENGINEERING INDUSTRIES 
Tool Set-up for Alternative No. 1 

































































Exhibit 3 

KANVAS ENGINEERING INDUSTRIES 
Tool Set-up for Alternative No. 2 
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Exhibit 4 

KANVAS ENGINEERING INDUSTRIES 
Details of Fixture for Tapping in Alternative No. 2 
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Exhibit 5 

KANVAS ENGINEERING INDUSTRIES 

Detailed Calculations of Cost per 1,000 Brass Nuts if 2,000 are made 
completely on the Traub Automat 


material: 


scrap: 

set-up:: 

machining: 


tapping : 


(Haxagonal brass rod 10 mm across flals) 

Length of rod required for 1,000 nuts 

(5 mm width of nut plus 3 mm width of cut off tool) 

Weight (0.75 kg. per metre) 

Cost of material (Rs. 14.10 per kg.) 

2.25 kg. at Rs. 5.00 
4 hours at Rs. 20.00 per day 
Drilling— 

... 2 mm (total travel for centering) 

' l ' ~ . 07 mm (feed per revolution) 

8 mm* (total length to be drilled ) 

.07 mm (feed per revolution) 

Total for drilling 

Speed=4,000 rpm=66.6 rps. 

Therefore, total time for drilling 

8 mm (total length to be tapped) 

. 8 mm (Pitch) 

Speed for tapping 


(ii) 


CUT OFF 


chamfer: 
TOTAL time: 


Time for tapping 

4.2 mmt (length of cut off) 

0.03 mm (feed per revolution) 

1.5 Sec. approximately during cut off 
2.1 Sec. for drilling 
0.6 Sec. for tapping 
2.1 Sec. for cut off 

5.0 Sec. for feedout, tool clearance, speed 
change and reversal after tapping 

9.8 Sec. 

No. of hours for producing 1,000 pieces : ■ 

Machining charges for 1,000 pieces at Rs. 8/- per hour: Rs. 21.76 


8 metres 
6 kg. 

Rs. 84.60 
Rs. 11.25 
: Rs. 10.00 

: 28 rev. for 
centering 
: 114 rev. for 
drilling 
: 142 rev. 

142 - f 

: 66 " 6 = 2 - 1SeC - 

: 10 rev. 

1,000 rpm. 

16.6 rps. 

10 


16.6 


■as 0.6 secs. 


: 140 rev. 
: 2.1 sec. 


9.8x1000 

3600 


= 2.72hrs. 


* 5 mm—Width of nut 
3 mm— Width of cut off tool 
8 mm—Total length for drilling 
t Size across corners 
Dia. of hole 

Length of cut off 
Tool movement 


11.2 mm 
4.8 mm 

6.4/2 


= 3.2 mm 
1.0 mm 


Total length of cut off 


4.2 mm 
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Exhibit 6 

KANVAS ENGINEERING INDUSTRIES 
Cost calculations for 1,000 brass nuts if 2,000 arc made— 
Drill and Chamfer on the Traub Automat and Tapping on 
the Bench Drill 


Material and Scrap: Same as in Exhibit 5 


Set-up: 2 hr. at Rs. 20.00 per day 

: Rs. 5.00 

Machining: 


Drilling (as in Exhibit 5) 

: 2.1 Sec. 

Cut off ( „ ) 

: 2.1 Sec. 

Chamfer ( „ ) 

: 1.5 Sec. during cut off 

Feed out, tool clearance, etc. 

: 2.0 Sec. 


6.2 Sec. 


No. of hours for producing 1,000 nuts 

Machining charges for 1,000 pieces 

Tapping by hand using the fixture in Exhibit 4 : 

Time per piece 

No. of hours for 1,000 pieces 

Cost of tapping 1,000 pieces at Rs. 2.50 per hour. 


6.2x1000 hr. 

3600 
1.72 hr. 

1.72 hr. x8=Rs. 13.76 


15 Sec. 


15x 1000_ 
3600 

Rs. 10.40 


4.16 hrs. 


Exhibit 7 

KANVAS ENGINEERING INDUSTRIES 
Speeds and Feeds Used on the Automat 


Speed for brass for 10 mm rod 
Feed for drilling at 4,000 rpm 
Feed for cut off at 4,000 rpm 
Speed for tapping 5 mm hold in brass 


: 4,000 rpm. 

: 0.07 mm per rev. 
: 0.03 mm per rev. 

: 1,000 rpm. 
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OPERATIONS EFFICIENCY MANAGEMENT 


Every organisation, be it a manufacturing company, a 
service firm (like a bank, a transport undertaking, or an educational ins¬ 
titution), or a government department, should constantly try to improve 
its operational efficiency, consistent with its objectives and in accordance 
with its short- and long-term goals. Without such efforts it can have 
no real future. “Operational efficiency” refers to the efficient utilization 
of human and material resources, or the efficient use of people, machines, 
tools and equipment, materials and funds. Better utilization of any or a 
combination of these, can increase output of goods and/or services and 
reduce costs. The ratio of outputs (goods or services) to inputs (including 
money, machines, man hours, etc.) is a measure of the productivity. 
An improvement in this ratio over time can be termed “productivity 
improvement.” 

Improved productivity can be achieved by using better technologies 
or management techniques and tools, by employing more qualified and 
capable persons, and even by providing better supervision. Some of the 
techniques employed to introduce improvements are integrative in nature 
in that they apply to many functional areas while others have very narrow 
and special applications. 

An organized improvement effort can be achieved through the use 
of scientific analysis techniques. Work study, work simplification, and 
industrial engineering are among the most commonly used management 
approaches. In many respects, these terms can be used interchangeably. 

After F.W. Taylor, father of scientific management, used “time study” 
to fix standards for jobs, Frank B. Gilbreth developed the most important 
adjunct, “method study.” The combined use of the two came to be known 
as ‘Motion and Time Study.’ As the concepts, techniques, and tools of 
motion and time study gained wide acceptance in industry, they were 
expanded to form a new discipline known as Industrial Engineering. 

Even though industrial engineering had its beginning in the United 
States at the end of the last century, it was only in 1940’s that US Univer¬ 
sities established separate and specialised departments for its study. 

In Britain, the various areas of industrial engineering were not unified 
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for quite sometime. For example, Organisation and Methods was considered 
separately from Work Study, which meant method study, work measure¬ 
ment, merit rating, and incentives. In recent years, in most industries, all 
these have been unified and are covered under Work Study. 

Work simplification is a new name given to the methods improve¬ 
ment approach developed by Allan H. Mogenson. The term was coined 
by Professor Erwin H. Schell of Massachusetts Institute of Technology. 
The objectives of work simplification are not different from the objectives 
of industrial engineering, but in the former the active involvement of the 
organisation or department under study is strongly emphasized. Defini¬ 
tions of work study, industrial engineering, and work simplification are 
given below for a better understanding of the subtle difference. 

work study. Whitmore says that one of the definitions most widely 
used in the United Kingdom is the, one approved by the British Standards 
Institution and taken from B.S. 3138: 1959. The definition is ‘A generic 
term for those techniques, particularly method study and work measurement 
which are used in the examination of human work in all its contexts and 
which lead systematically to the investigation of all the factors which effect 
the efficiency and economy of the situation being reviewed, in order to 
effect improvement.’ 1 

' industrial engineering. “Industrial Engineering is concerned with 
the design, improvement and installation of integrated systems of men, 
materials and equipment; drawing upon specialized knowledge and skill in 
the mathematical, physical, and social sciences, together with the principles 
and methods of engineering analysis and design, to specify, predict, and 
evaluate the results to be obtained from such system.” 2 

work simplification. Mogensen defined work simplification as “The 
organised use of common sense to find easier and better ways of doing 
work.” 3 

As mentioned earlier, the purpose of this note is to describe briefly 
the techniques used in studies to effect productivity improvement of work 
situations, existing or proposed. With this in view, the related techniques 
have been described in the following paragraphs. 

Broadly, work study consists of method study (including motion study) 
and work measurement. 

Work study by itself cannot be called a science, but it certainly is a 
scientific technique. Work study uses different tools and concepts based 
on mathematics, statistics, etc., to improve productivity. 


1. Dennis A. Whitmore, Work Study and Related Management Services, William 
Heinemann Ltd., London, 1968, p. 2. 

2. As given in the Journal of Industrial Engineering . 

3. Gordon B. Carson, ed., Production Hand Book , 2nd ed., Ronald Press Co., 
New York, 1959, p. 14-1. 
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METHOD STUDY 

Let us now consider one of the two important aspects of 
work study. Some people consider method study is more important than 
time study. In actual practice, it is difficult to perform a good method 
study without comparing work measurement data for any alternate methods 
under consideration. Likewise, one should not apply work measurement 
to a job without ensuring that the existing method is the best under the 
circumstances. 

Method study aims at improving the existing or proposed method of 
any operation or activity. It can be applied to workplace layout, to the 
method of work (motion study), to the method of handling materials, to 
plant layout, to planning and general working conditions in a plant, or to 
an existing process method. There are even great advantages to be gained 
by applying it during pre-operational stages (project study). The savings 
that result from method study can be very high, often many times the cost 
involved in making the study—particularly in a developing country like ours. 
This is understandable because the savings generally involve reduced 
material consumption or substitution of cheaper materials, better plant and 
equipment utilization, and reductions in labour. The first two usually 
comprise the bulk of the cost of most products, particularly in our country, 
and accordingly, the resultant savings can be high. 

Method Study Procedure 

In general the six significant steps in a method study are: 
(1) Select, (2) Record, (3) Examine, (4) Develop, (5) Instal, and (6) Maintain. 
A brief explanation of each is given below: 

1. select. The work selected for method study must be such that 
it offers the greatest potential for improvement. Since reduced operational 
cost is the main objective, detailed scrutiny of such costs must be made. 
Other objectives of method study may be to reduce excessive handling and 
movement, thereby reducing fatigue; to reduce poor use of labour, material, 
and plant or equipment. Hence there must be scope for improvement 
in almost all these lines in the work selected for study. The degree of 
detail of the study, the amount to be spent on such investigations, the 
savings expected, etc., must be borne in mind while selecting the subject 
for study. 

2. record. Once the subject has been selected, it must be analyzed 
systematically. A record must be made of all the significant data which 
permit comparisons and evaluations between existing and proposed methods 
(e.g., time to perform various portions of the methods). The right recording 
techniques must be used, and this will depend upon the type of record and 
degree of detail required. 

The recording of the facts relating to a particular operation may use 
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symbols to save time" in both writing and reading. Gilbreth, the father of 
motion study, had suggested some 55 symbols. But the American Society 
of Mechanical Engineers reduced the number to only five which suffice in 
general usage. These five symbols are very popular, and have been adopted 
by most industrial concerns for recording purposes. 

The symbols are as follows: 


Operation 

o 

— Produces or accomplishes 

Inspection 

□ 

— Verifies (quantity and/or quality) 

Transport 


— Moves 

Delay 

D 

— Delays or interferes 

Storage 

V 

— Holds or keeps 


Sometimes the D symbol is not used and symbol V is used both for delay and 
storage. 

Any process can be described using these symbols. Alongside the 
symbols the details of the operation may be written. Such a record of the 
sequence of events, called a “Process Chart,” enables an examination of the 
salient facts of the whole process. Of late, the term “Operation Chart” 
is becoming more popular than Process Chart. 

Recording of different process is usually done by using the following 
different charting systems: 

RECORDING 

-Process chart—operation chart 

-Flow process chart—man-wise, material-wise and machine- 

. wise 

-Gang process chart 

-Flow diagram or string diagram 

-Activity chart—multiple activity chart 

-Man and machine chart 

-L.H.-R.H. chart 

-Miscellaneous other charts 

Process Chart . The essential parts of any process are operation and 
inspection. Hence a chart which records the process using only those two 
symbols is called an Operation Process Chart or simply Operation Chart. 

Flow Process Chart . When a process is recorded in detail using all 
five symbols, it is called a Flow Process Chart. It may follow events as they 
effect a person (here it is called “ man^w ise”) or some material (here it is 
called “material-wise”) or a machine (called a “machine-wise” chart). These 
three forms of the chart should not be combined. 

Gang Process Chart . This chart simultaneously records the activities 
of a group of individuals working together in a gang. 
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Flow Diagrams. In certain cases the path of movement of material 
or men may have to be minimized. The distance travelled in the existing 
method can be noted down alongside the flow process chart. But recording 
such movements by means of flow diagrams or string diagrams (in a model 
or drawing to certain scale) will usually be more useful. Flow diagrams can 
also be constructed in three dimensions, using both in horizontal and verti¬ 
cal planes. A flow diagram, apart from giving the total distance travelled, 
gives the exact paths of movement. Where the movements are many, they can 
be best represented by strings and pins on a drawing or a model. The effects 
of proposed changes can be seen by manipulating the strings accordingly. 

Activity Chart. Activities of a man, or a machine, or of both (a 
Multiple Activity Chart) are described in diagrammatic form. 

Man and Machine Chart. This is simply a multiple activity chart 
showing the simultaneous activities of both men and machines. Such a 
chart is especially helpful where one man is controlling two or more machines. 

L.H.-R.H. Chart or Two Handed Chart . This is a special form of 
multiple activity chart which independently shows the activities of both 
hands of a worker. Such studies may be necessary in certain assembly 
tasks where each hand has an independent work. 

Miscellaneous Other Charts. The simo chart is used for very detailed 
records of motions. The chart (Simo = Simultaneous motion) makes use 
of the 17 “therbligs” (therbligs, Gilbreth spelled backwards, means motion 
elements) introduced by Frank Gilbreth. 

The Motion chart is used to record work at individual workplaces. 

When motions cannot be accurately followed by eye, motion study is 
done by taking a movie. A Film Analysis Chart is used to record the details. 

In short-cycle, repetitive works, the motions and paths are often 
recorded on chronocycle graphs—a bulb is attached to the finger or hand 
and movies are taken showing the path of movement of the light. Unlike 
the cyclegraph which shows only the path of movement, the chronocycle- 
graph can also tell the acceleration and deceleration of motion, because 
the flickering lights leave larger or shorter patches of light, depending on 
acceleration or deceleration of movement. 

3. examine. This is the third step in method study procedure. 
After all the facts about the method have been recorded by means of various 
charts, they should be examined with a constructively critical and non-prejudi- 
cial approach. The actual process of examination is carried out by focussing 
attention on the various aspects of each event through the following ques¬ 
tioning sequence: 

(a) Purpose —What is achieved? 

(b) Place —Where is it done? 

(c) Sequence —When is it done? Why? 

(d) Person —Who does it? 

(e) Means —How is it done? j 
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To each aspect of the event, a question, “what else can be done?” has 
to be asked. Others’ opinion must be considered in judging and answering 
these questions. It may be that a certain process can be entirely eliminated, 
or simplified, or a few processes can be combined or split up or done in 
different sequence, or the method of process may have to be improved or 
altered. Time taken is also an important input and this information can be 
obtained from Work Measurement. 

4. develop. When all the processes have been thoroughly examined 
it is possible to go to the fourth stage, and develop realistic and constructive 
proposals for improvement. 

The framework of an improved method must be drawn up. The 
results of systematic examination must be used throughout to ensure that 
the work is done by the most appropriate people, in the most convenient 
place, and by the simplest means. Many people directly or indirectly 
concerned with proposals must be asked to help and advise. The improved 
method thus obtained should be drawn up in process chart form. The new 
method must again be subjected to a rigorous examination to ensure that 
it is the best in the circumstances. 

5. instal. The improved method must be put into practice. Much 
depends upon the preparation of the ground before hand. If the study has 
been properly done, all concerned with the changes should feel that they 
are in some degree responsible for the success. The job must be actively 
supervised after the change has been effected, especially in the initial stages. 

6. maintain. Lastly, it is important to maintain the new method by 
conducting periodic checks and studies. This is essential because a gradual 
change may take place in the new method, and as such changes accumulate, 
they may cause a drift away from the authorised method. If any modi¬ 
fication is necessary due to changing circumstances such modification must 
be incorporated officially in the method. 


MOTION STUDY 


Basic Motions 

Frank Gilbreth, who developed the basic concept, applied 
motion study to all production work performed by hand. He classified 
the hand movements of the operator into 17 basic motions which he named 
“therbligs.” The 17 fundamental hand motions are 1 : 


Search 

Select 

Grasp 

Reach 

Move 


Pre-position 

Inspect 

Assemble 

Disassemble 

Use 


1. Benjamin W. Niebel, Motion and Time Study (Richard D. Irwin, Inc., 3rd 
edition, Homewood, Illinois, 1962), p. 133. 
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Hold Unavoidable delay 

Avoidable delay 
Release Plan 

Position Rest, to overcome fatigue 

Motion study becomes a very important part of method study parti¬ 
cularly where repetitive assembly type .jobs are involved. Motion study 
can be broken down into three categories namely: (1) -studies that apply 
to the human body in doing a particular task, (2) those relating to the 
arrangement of the work-place, and (3) those relating to the design of tools 
and equipment. 

Principles of Motion Economy 

Classified into the three different categories mentioned 
above, Niebel has listed certain essential principles that govern the economy 
in visual motion study. These principles were largely developed by the 
Gilbreths, though other experts like Ralph M. Barnes have added to their 
contributions. The basic principles, reproduced with permission from 
Motion and Time Study by Benjamin W. Niebel, 1 are as follows: 

1. USE OF THE HUMAN BODY 

(a) Both hands should begin and end their basic divisions of accom¬ 
plishment simultaneously and should not be idle at the same 
instant, except during rest periods. 

(b) The motions made by the hands should be made symmetrically, 
and simultaneously away and towards the centre of the body. 

(c) Momentum should be employed to assist the worker wherever 
possible, and it should be reduced to a minimum if it has to be 
overcome by muscular effort. 

(d) Continuous curved motions are preferable to straightline motions 
involving sudden and sharp changes in direction. 

(e) The least number of basic divisions should be used, and these 
should be confined to the lowest possible classifications. These 
classifications, summarized in ascending order of time and fatigue 
expended in their performance, are: 

(i) Finger motions 

(ii) Finger and wrist motions 

(iii) Finger, wrist, and lower arm motions 

(iv) Finger, wrist, lower arm, and upper arm motions 

(v) Finger, wrist, lower arm, upper arm, and body motions. 

(f) Work that can be done by the feet should be arranged so that 
it is done simultaneously with work being done by the hands. 


1. Ibid., pp. 140-142. 
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2. ARRANGEMENT AND CONDITIONS OF THE WORKPLACE 

(a) Fixed locations should be provided for all tools and materials 
so as to permit the best sequence and to eliminate or reduce the 
therbligs “search”, and “select”. 

(b) Gravity bins and drop delivery should be used to reduce “reach” 
and “move” times. Also ejectors should be provided wherever 
possible to remove finished parts automatically. 

(c) All materials and tools should be located within the normal 
area in both the vertical and horizontal planes. 

(d) A comfortable chair should be provided for the operator, and 
the height so arranged that the work can be efficiently performed 
by the operator, alternatively standing and sitting. 

(e) Proper illumination, ventilation, and temperature should be 
provided. 

(f) Visual requirements of the workplace should be considered so 
that eye fixation demands are minimized. 

(g) Rhythm is essential to the smooth and automatic performance of 
an operation and the work should be arranged to permit an easy 
natural rhythm wherever possible. 

3. DESIGN OF TOOLS AND EQUIPMENT 

(a) Multiple cuts should be taken whenever possible by combining 
two or more tools in one, or by arranging simultaneous cuts from 
both feeding devices (cross slide and hex turret), if available. 

(b) All levers, handles, wheels, and other control devices should be 
readily accessible to the operator, and should be designed so as 
to give the best possible mechanical advantage. 

(c) Holding parts in position should be done by fixtures. 

(d) Always investigate the possibility of powered or semi-automatic 
tools, such as power nut and screw drivers, speed wrenches, etc. 

Working Area 

The working areas to be considered in workplace layout 
are given below 3 : 


Length of arc 

28" 

Length of forearm 

10" 

Length of upperarm 

12" 

Length of hand 

6.7' 

Length of end joint 

9" 

(2nd finger) 



1. Reproduced with permission from Benjamin W. Niebel, Motion and Time 
Study , 3rd ed. (Homewood, Ill. : Richard D. Irwin, Inc.), p. 148. 
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Fig. 1. Normal and maximum working areas in the horizontal 
plane for women. For men multiply by 1.09. 

According to O.M. publications of Britain the visual area is: In a 
horizontal plane = 160°. In a vertical plane 50° and 70° above and below 
the normal eye level respectively. 

Critical Examination Technique 

Six basic steps have been identified in the method study 
procedure: select, record, examine, develop, instal, and maintain. The 
“Examine” and “Develop” steps are very critical to the quality of improve¬ 
ment. Different techniques have been developed for conducting thorough 
analysis and investigation of existing methods and for developing better 
and more economical ones. The critical examination technique developed 
by Imperial Chemical Industries Ltd. is one of the best of such techniques. 

This technique can be applied at pre-operational stages, usually with a 
return of rich dividends. After a specific activity or operation has been 
selected for study, a series of questions are asked and answers are written 
out. The sequence of questions is “WHAT? HOW? WHEN? WHERE? 
WHO? and WHY?” These are usually applied to every key word in the 
statement of the activity under critical examination. 

After the six basic questions are answered, a series of alternatives are 
generated, such as: what else can be done? how else it can be done? etc. 
Finally, after proper evaluation, the best and the most economical is chosen 
for implementation from among the many alternatives. A proforma of a 
critical examination sheet and a fuller description are given separately as 
part of the note on Critical Examination. 


WORK MEASUREMENT 

Work Measurement is concerned with measuring the work 
content of any activity to assess human effectiveness, or to compare one 
method against another, or to set suitable standards for planning and control 
purposes. Since the introduction of time study, many techniques of work 
measurement have been developed. These include the Work-Factor system. 
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methods times measurement (M.T.M.), basic motion time study (B.M.T.), 
predetermined motion time standards (P.M.T.S.), synthetic standards, 
analytical estimating, formula construction and work sampling. Except 
for time study, they were all developed in the 20th century, and many have 
been derived from time study and motion study. Brief descriptions of 
these techniques are given below along with a discussion of the allowances 
which must be factored into any system of standards. 

Time Study 

The first known significant attempt to observe and record 
the time of production was made by a Frenchman named Perronet in 1760. 
He recorded the overall time necessary to manufacture common pins and 
arrived at a standard of 494 pins per hour. About 60 years later, an English 
economist, Charles Babbage, made similar overall time studies on the manu¬ 
facturing of common pins, and established a standard of one pound of pins 
(5,546) per 7.6892 hours. Organized scientific time study started with 
Frederick W. Taylor when he conducted time studies at Midvale Steel 
Company, Philadelphia, in 1881. 1 Today, time study is the most widely 
used work measurement technique. 

Activity Rating 

Taylor divided an operation into convenient elements, and 
observed the time required by the most experienced and fastest workers. 
He did not adjust for activity rate, i.e., the speed of the worker. 

From 1911 onwards, an American industrial consultant, Charles E. 
Bedaux, further developed Taylor’s time study and devised a system for the 
purpose of bonus assessments for workers who reached certain output rates. 
Rating is a measure of the pace at which an operator under observation is 
working in comparison with the concept of “normal pace” which the time 
study observer has in mind. The concept of normal is developed after 
systematic training of time study practitioners. Certain benchmark opera¬ 
tions are used for training purposes in the development of the concept of the 
normal. Some examples of such operations are as follows: 

(a) Dealing a deck of 52 cards into four equal piles—with adjacent 
piles one foot apart (e.g., like dealing cards on a bridge table) 
in 0.50 minutes is considered to represent normal pace of work. 

(b) Walking on hard level ground at a rate of three miles per hour 
corresponds to normal pace. 

(c) Filling a standard pegboard with 30 pegs in 0.41 minutes (using 
two hands) is equivalent to normal speed. 2 

1. Benjamin W. Nicbel, Motion and Time Study , 3rd ed. (Richard D. Irwin Inc., 
Homewood, Illinois, 1962), p. 6. 

2. Ralph M. Barnes, Motion and Time Study, 4th ed. (John Wiley and Sons, Inc., 
New York, 1961), p. 376. 
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Today there arc three important rating scales used to assess activity 
rates. These are the 60-80, (used mostly in Britain and Europe); 100-133 
(used extensively in United States); and the 100-standard scale 1 (also desig¬ 
nated the 75-100 scale and favoured by the British Standards Institution 2 ). 
These arc explained below: 

The Normal and the Standard Time 
The rating scales are used to adjust the observed times to a 
standard measure called the Normal Time. Rest allowances are then added 
to arrive at Standard Times . If we leave out the Rest allowances, which 
depend on working conditions and environments, the normal times obtained 
by use of any rating scale should be the same for an operation irrespective 
of the person doing it, or the place. The normal time can, therefore, be 
defined as the time that should be taken by a normal operator trained for the 
job, working under normal pace and conditions. 

The normal time for an operation is calculated by using the time 
elapsed, as seen from a stop watch, and the average assessed rate of activity 
observed by the time study man. As an example, let us assume that they 
time elapsed for an operation under observation was 2.40 minutes, and the' 
time study man using the 100-133 rating scale assessed the activity rate as~ 
90. The normal time would be = 2.40 x 90/100 = 2.16 mts. Suppose, 
for a subsequent observation, the respective figures were 1.85 mts. and 120, 
the N.T. for this would be = 1.85x120/100 = 2.22 mts. We can see that 
the elapsed time is normalized using the first figure of the rating scale. 
This procedure is true even while using 60-80 rating scale. However, wher e 
the 75-100 scale is used, the elapsed time is converted by using the figure 
100 and not 75. Strictly speaking the elapsed time is not normalised but 
converted into what are called as Basic Times. 3 4 Even the explanations of 
the rating figures of 75 and 100 are slightly different. For example, 75 is 
considered an average man’s average rate, and 100 his best rate. 

It may be observed in the three rating scales mentioned earlier, that 
the first figure of activity rate stands for the normal pace equivalent to 
“unstimulated day work effort,” 1 and the second, which is one-third more 
than the first, for the maximum of the incentive pace range. (The higher 
figure of the scale represents an activity rate at which an average, trained 
operator can work continuously for eight hours, without being unduly 
fatigued at the end of the day, provided he has taken the allowable Rest 

1. Andrew Rae, Work Study, a Practical Primer (International Publishing Corpo¬ 
ration Ltd., 1964), p. 67. 

2. Denis A. Whitmore, Work Study and Related Management Services (William 
Heinemann Ltd., London, 1968), p. 66. 

3. Ibid., p. 68. 

4. Gordon B. Carson, cd., Production Handbook , 2nd ed. (Ronald Press Co., 
New York, 1959), pp. 12-38. 
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allowances) Whereas the 100-133 and 75-100 are percentage scales, the 
60-80 is a point scale. Carson cites that Shumard (Primer of Time Study) 
has suggested a point-based rating scale, ranging from a low of 40 points 
corresponding to “poor” rate to a maximum of 100 called the “superfast” 
pace. 1 A rate of 60 is called the “normal” rate. In this as well as other 
rating scales, the observed ratings are to be rounded to the nearest five, i.e., 
ratings are to be put as 60, 65, 70 etc. Carson further refers to Shumard’s 
observation that, “From compiled industrial data covering many plants 
that have attractive wage payment incentive plans which result in excellent 
quality of product at low unit costs, it was learned that group average speed 
of workers in each plant was 33J per cent faster than normal.... 
Consequently we may safely set up 80 as the ideal effort goal in manufactur¬ 
ing.. . .” 2 Perhaps it is because of this that the lower figure of the rating 
scale corresponds to the normal according to that scale, and the higher 
figure represents a figure 33£ per cent higher than normal. 

In addition to those mentioned above, there are other, less used, 
systems of rating such as the Westinghouse System of Rating, Synthetic 
Rating, Objective Rating, etc. 3 For lack of space they have not been 
explained here. 

Further examination is necessary for a more scientific explana¬ 
tion of the concept of the Standard Time. A standard time consists 
of elapsed time, activity rate, and rest allowances. The higher the activity 
rate, the lesser the elapsed time, and vice versa. Considering the effect of 
activity rate on rest allowance, it is easy to understand that the higher the 
activity, the more the rest allowances needed; in fact, at much higher activity 
rates the increase in rest allowances would beTmore than proportionate. The 
total time for an activity is the sum of time for activity and the time for rest. 
The standard pace is that for which the activity time plus the time for rest 
is the minimum. In other words, if a graph is drawn with total time (time 
for activity plus time for rest) in the Y-axis and activity rates in X-axis, 
the. activity rate corresponding to the lowest point of the curve would be the 
Standard Rate. The total time in Y-axis against the lowest point of the 
-curve would be the Standard Time. 

Work Measurement in Practice 

A common procedure for work measurement using any of 
the specified techniques would be as follows: 

1. Spe cify the task—materials, purpose, product. 

2. Specify the equ ipmen t—type, capacity, condition. 

1. Ibid. 

2. Ibid., pp. 12-39. 

3. Ralph M. Barnes, Motion and Time Study , 4th ed. (John Wiley and Sons, 
Inc., New York, 1961), pp. 366-369. 
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3. Specify the method 

4. Divide the task into successive, suitable elements. 

5. Determine the normal time for each element. 

6. Assess the compensating rest allowance. 

7. Add normal time and rest allowance to get standard time. 

If standards have to be set for a complete task which consists of 
uncontrollable delays in addition to work time, such delays will have to be 
determined and added to the standard arrived at No. 7 above to obtain the 
standard time for the entire task. 

Errors in standards established through time study can be caused by 
one or more of the following major factors: 

(i) faulty recording of elemental times, 

(ii) faulty assessment of the activity rate, 

(iii) unrepresentative observations. 

These types of errors can be minimized by adopting the following 
steps or techniques: 

Errors in recording elemental times can be almost entirely eliminated 
by taking care to break the task into convenient elements both ’in terms of 
time duration and in terms of clearly recognizable starting and ending 
points. Watch reading errors can also be eliminated by following a syste¬ 
matic method of watch reading and by ensuring that the time study observer 
has sufficient practice in quick reading of stop watch times. 

The simultaneous use of three watches of the 3-press type will help in 
eliminating possible watch reading errors. In this system three watches 
are mounted on the time study board in such a way that all three start- 
stop-snap back levers (there will be one such lever for each stop watch) 
can be simultaneously operated by pressing a common lever. It should 
also be possible to operate any one of the watches independently. With 
this arrangement it is possible to have the three watches in the following 
status at the end of any reading: 

Watch number 1—has just been snapped back to zero, and is not 
running. 

Watch number 2—is running. 

Watch number 3—has just been stopped, and shows a reading. 

Now if the common lever is operated, e.g., at the start of an element 
which would also be the end point of the preceding element, watch No. 1 
will start, No. 2 will stop, and No. 3 will snap back zero, and will not be 
running. The time study observer can now note down the reading from 
watch No. 2. At the end of the work element, if the common lever is pressed 
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again, watch No. 1 will stop showing the elapsed time for the element which 
can be noted down. Just as watch No. 1 stops, watch No. 2 will snap back, 
and watch No. 3 will start from zero. At the next pressing of the common 
lever, watch No. 3 will stop thus enabling noting down of the next elemental 
time. 

Errors in activity rate assessments can result from: 

(a) observing work elements which are too short or too long, 

(b) failing to assess the rate in a consistent manner, 

(c) entering biases as a result of prior knowledge of observation times 
and activity rates for the same or similar elements, and 

(d) observing inconsistently. 

Errors of type (a) can be eliminated by making a few trial observations 
before deciding on the duration of work elements. 

Those of type (b) can be reduced by always making the assessment 
only after about three-fourths of the element has elapsed and recording the 
observation just before the element is over. 

Type (c) errors are common in the snap back method of recording, 
where the watch time is read for each element and the pointer is snapped 
back to zero. This method eliminates the need to calculate individual 
elemental time. In the continuous method of recording, previous watch 
reading must be subtracted from the cumulative time following the element 
to derive such data. The major disadvantage of the snap back method, 
particularly where the repetitive observations of the same work elements 
are done at a stretch, is that the knowledge of the recorded time and activity 
rate for the previous observations may influence the observer’s assessment 
of the activity rate for the current observation. This kind of error could 
be minimized by following the continuous method of recording or by using 
three watches simultaneously as described earlier. When three watches are 
used, the observer can afford to put down the rating even a little after the 
completion of the element as he cannot miss the elapsed time for the element 
just completed since this can be read from the watch that has been stopped 
but not snapped back. 

The inconsistency error of a time study practitioner can be judged in 
a test or training situation. A well defined task, for which well tested 
benchmark times are known, is used. Often the observer is asked to time 
study a, filmed work sequence for which the “true ratings” have been deter¬ 
mined in the past and these are used as the standard to measure the “time 
studier.” The inconsistency error is measured by using a correlation coeffi¬ 
cient calculated from the formula: 1 


1. Dennis A. Whitmore, Work Study and Related Management Services (William 
Heinemann Ltd., London, 1968), p. 70. 
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correlation coefficient =- 

x/^x^y 2 

where x = deviation of each true rating from the mean of the true ratings, 

and y = deviation of each of the observer’s ratings from the mean 

of his ratings. 

The nearer the coefficient is to unity, the more consistent the rating. 

Another simple method of bringing the observer’s ratings closer to 
true values is to measure the deviation of the observer’s ratings both in terms 
of absolute value and in terms of direction, i.e., whether the observer’s 
ratings are mostly “tight” or “loose”, or erratic. The method involves calcu¬ 
lating the consistency index (Cl) of an observer by using the following formula: 

Cl = 

n 

where d x = algebraic sum of deviations (true rating—assessed rating) for 
all the observations, f 

d 2 = sum of deviations true rating minus assessed rating, ignoring 
the sign, 

and n = the total number of observations. 

The smaller the value of Cl, the more reliable is the rating assessment 
of the time study observer. 

The errors caused by unrepresentative time study observations are very 
common. Often, a smaller number of time study observations may not 
contain representative samples of infrequent work elements such as an odd 
piece slipping from an assembly operator’s hand, delays caused by occasional 
substandard material, an unanticipated interruption, fumbling caused by 
differences in the exact position of parts and tools, etc. Since time study 
is essentially a sampling process, some of these infrequent elements might 
be missed by a time study observer, and the resulting standards may not be 
truly representative. This can be overcome by taking a large number of 
observations over a longer time span. But we should know how many 
observations are needed to obtain the accuracy we desire. Formulae such 
as those used in Statistical Quality Control can indicate the number of 
observations necessary to keep the error within a particular range. Suppose 
a man has made a certain number of observations and would now like to 
know the number of observations necessary to keep the error within ±5 
per cent of true element time with a 95 per cent confidence limit, the follow¬ 
ing formula could be applied: 1 

Vxu f 40 n/NsX 2 —(SX) 2 
1 SX 

1. Ralph M. Barnes, Motion and Time Study , 4th ed. (John Wiley and Sons, Inc., 
New York, 1961), pp. 350-352. 
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where N = actual number of observations made so far, 

X = elemental time (normalised) of each observation, 
and N 1 = total number of observations required. 

Some large corporations have developed their own reference tables 
to find out the number of cycles to be observed. One such table developed 
by Westinghouse Electric Corporation is referred to in the Production Hand 
Book and is a useful guide. 1 

To achieve and maintain good human relations, the following personal 
requirements are essential for the successful time study man: 

1. Honesty 

2. Tact, human understanding 

3. Resourcefulness 

4. Self-confidence 

5. Good judgement, analytical ability 

6. Pleasing, persuasive, optimistic personality 

7. Patience with self-control 

8. Bountiful energy tempered with a co-operative attitude 

9. Well-groomed, neat appearance 

10. Enthusiasm for the job. 

Time study is by far the most popular and widely used work measure¬ 
ment technique although it suffers from certain major defects like those 
mentioned earlier. A further disadvantage is that employees often object 
to its use because of its past associations with lay-offs. Other work measure¬ 
ment techniques, briefly described below, can be used with advantage, and a 
few of these are particularly suitable in situations where in situations and/or 
uneconomical to use the time study technique. 

Work-Factor 2 

The Work-Factor system evolved by the Work-Factor 
Company Inc. is one of the earliest systems of predetermined motion-time 
data. Time values were established for every conceivable individual finger, 
hand, arm, leg, or body motions. This was done by making more than 
20,000 observations over four years, using micro-motion and stop-watch 
techniques, coupled with a “specially constructed photoelectric time machine. 
These data were made available in 1938. 3 

Using the Work-Factor system it is possible to determine the normal 

1. Gordon B. Carson, ed., Production Handbook, 2nd cd. (The Ronald Press Co., 
New York, 1959), pp. 12-27. 

2. Work-Factor is a registered trade mark of the Work-Factor Company. 

3. Barnes, op. c/7., p. 475. Also see Gorden B. Carson, ed., Production Handbook , 
2nd ed. (The Ronald Press Co., New York, 1959), pp. 12-73. 
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time for manual tasks. To find normal times, each tiny motion necessary 
to complete the task must be identified. Each is then assigned a time value 
according to “four majorvaria bles of work”; namely, (i) body member used, 
(ii) distance moved, (iii) manual control required measured in Work-Factors, 
and (iv) weight or resistance involved, measures in pounds converted to 
Work-Factors. 1 The time values, given in ten thousandths of a minute, 
arc read from the motion-time tables. Work-Factor can be defined as a 
unit of additional time required (over and above the basic time) when 
motions are performed involving (a) variables like manual control, (b) weight 
or resistance. A basic motion is one which involves the least amount of 
difficulty or precision for a given distance and body member combination. 2 

Mcthods-Time Measurement 

The Methods-Time Measurement (MTM) technique was 
developed from a methods engineering research project. Normal times 
were developed (from motion picture studies) for the basic motions used in 
industrial operations. These were first published in 1948. Motion elements 
are essentially categorized into 10 basic types, and time values called Time 
Measurement Units (TMU’s) are given for variations within each category 
in the MTM tables. 3 The 10 basic types of motions are: (i) Reach, (ii) 
Move, (iii) Grasp, (iv) Turn and Apply Pressure, (v) Position, (vi) Release, 
(vii) Disengage, (viii) Eye Travel and Eye Focus, (ix) Body, Leg and Foot 
Motions, and (x) Simultaneous Motions. 

The unit used is one hundred-thousandth of an hour. (0.00001) 
or one T.M.U. = 0.0006 minute. 

Basic Motion Time Study 

Basic Motion Time Study (BMT) is a kind of work measure¬ 
ment system which uses predetermined motion time standards, developed 
by Ralph Presgrave, G.B. Bailey, and other members of the staff of J.D. 
Woods and Gordon Limited of Torento, Canada, and first used in 1950. 
A basic motion is defined as a single complete movement of a body 
member. 4 BMT takes into consideration factors like (a) distance moved, 
(b) visual attention needed to complete the motion, (c) degree of precision 
required in grasping or positioning, (d) the amount of force needed in handl¬ 
ing weight, and (e) simultaneous performance of two motions. 

Simplified PMTS 

PMTS is also essentially a predetermined motion time 
system; but unlike other systems which have derivatives, simplified PMTS, 

1. Ibid., p. 480. 

2. Ibid., p. 475. 

3. Barnes, pp. 484-487; or any other standard book on Motion and Time Study. 

4. Ibid., p. 491. 
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originally developed and used in Imperial Chemical Industries Limited, is a 
self-contained technique and is based upon MTM. Whitmore says: 
".. .whereas other simplified or abbreviated systems are designed as alter¬ 
natives to their detailed counterparts, this one was designed as a substitute 
for its parent system.” 1 

Motions are categorized into four groups, viz., (i) Motions of the hands 
and arms, (ii) Motions of the trunk and legs, (iii) Motions of the eyes and 
head, and (iv) Simultaneous motions. For different types of motions in each 
group Basic Motion Times are given in tables expressed in milli-minutes 
(one-thousandth of a minute) at the standard rate of working (i.c., at a rate 
corresponding to 100 in the 75-100 rating scale explained in pages 44 and 45. 
Like other predetermined motion-time systems allowances are not included 
in these times. 


Synthetic Standards 

Developing standards by use of predetermined motion¬ 
time values is a lengthy process, even though it may be quicker or- more 
economical than time study. It often happens that a particular practitioner 
leaves out certain motion elements, or wrongly conceives the motion pattern 
and thus arrives at an incorrect standard. Another disadvantage results 
from the possibility of clerical errors in computing standards. To overcome 
these difficulties, carefully developed elemental standards are often compared 
with time study data before the final job standards are established. 

To measure jobs which are non-repetitive and have variable work 
content, a combination of different techniques, collectively called “vari- 
factor synthesis” 2 can be used. Jobs where this method may be useful 
include storekeeping, clearing, maintenance, construction, etc. Standards 
may be set on an average basis, based on overall study, and may be expressed, 
for example, as standard time per square meter of painting or cleaning, 
standard time per each issue or receipt of material in a store, etc. Wherever 
possible (e.g., in maintenance jobs) standard data can be used for repetitive 
elements, and only those work elements of a variable nature need be timed 
and rated on an overall basis. Where a great deal of variability exists it is 
often inconvenient and uneconomical to break tasks into small work elements 
and rate them. Times read from a wrist watch and rounded off to the nearest 
minute may be adequate. Once the normal or basic times are worked out, 
rest and other allowances can be added. 

Analytical Estimating 

In analytical estimating, unlike the previous method, the 
standard time for a task is estimated rather than developed from synthetic 

1. Dennis A. Whitmore, Work Study and Related Management Services (William 
Heinemann Ltd., London, 1968), p. 70. 

2. Ibid., p. 160. 
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standards. The technique is often used in establishing standards for long 
cycle jobs. It is possible to break most tasks into suitable elements for which 
synthetic standards can be applied. For the remaining elements standard 
times can be estimated by comparing those job elements to other, similar 
elements for which time study or predetermined motion-time standards may 
already be available. To minimize the error in the overall standards for a 
task it is always better to minimize the percentage of task time that needs 
to be estimated. This can be done by synthesizing the total task and using 
standard data wherever possible. 

Formula Construction 

Niebel explains the Formula Construction technique as 
“ ... the design of an algebraic expression or system of curves that allows the 
establishment of a time standard in advance of the beginning of production 
by substituting known values peculiar to the job for the variable elements.” 1 
Time formulas can be evolved for almost all types of jobs, and are 
particularly useful for non-repetitive jobs. Niebel says that they have 
been successfully used in jobs like typing, foundry work, maintenance 
work, painting, all kinds of machine work, forging, coil winding, welding, 
etc. 2 

The essential steps involved in formula construction are: 

(a) identifying class of work, e.g., welding fillets, curing bonded 
rubber, etc. 

(b) finding range of work to be measured, e.g., from what size of weld 
to what size, weight, range of bonded rubber, etc. 

(c) collecting formula data. This may involve collecting previous 
standard or time study data that have proved satisfactory 
and also conducting further studies to get more represen¬ 
tative data. (A total of not less than 10 observations may be 
necessary.) 

(d) posting data in work sheet and analysing to find constants and 
variables. 

(e) expressing the data algebraically or graphically. 

(f) develop the synthesis and explain the derivation of the formula 
so that the person using the data or others concerned can fully 
understand. 

To help a better understanding of the method the example illustrated 
by Niebel 3 is briefly explained below: 

1. Benjamin W. Niebel, Motion and Time Study, 3rd ed. (Richard D. Irwin, Inc., 
Homewood, Illinois, 1962), p. 376. 

2. Ibid., p. 385. (For further details and illustrations read pp. 377 to 404.) 

3. Ibid. 
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Let us assume that we have several observations (formula data) for 
the operation “strike an arc and weld” and these data in minutes correspond 
to various sizes of weld. We might use these data and plot them on a graph 
with weld size on X-axis and time in Y-axis. Depending on the nature of the 
curve the graph can be reproduced on a plain graph sheet or semilog sheet. 
From the graph thus obtained an algebraic expression can be derived. Once 
a satisfactory algebraic expression is derived time values for welding of any 
size within the range can be calculated. 

Work Sampling 

Work Sampling is a technique used for analysing work 
based on data from many random and instantaneous observations spread 
over several hours, days, or even weeks. Essentially, the technique involves: 
(a) breaking down the job to be studied into designations of “working” and 
“not working.” Where necessary, each category can be sub-divided into, 
say, setting, machining, handling, cleaning, etc., under the head “working”; 
and waiting for work, waiting for instructions, taking rest, etc., under the head 
“not working”; (b) deciding on the total number of observations to be made, 
keeping in view the accuracy required, and the timing of these random (It 
is important that the observations must be made at random) observations; 
and (c) calculating the percentage occurrence of each type of activity or 
delay (i.e., the number of observations of a particular kind of activity or 
delay, as a percentage of the total number of observations). 

The work sampling technique can be used for such purposes as deter¬ 
mining equipment or man-power utilization, identifying the distribution of 
work activities within a gang operation, establishing workload of clerical 
and similar staff, and finally, for evolving time standards for jobs. 

Since the observations are made at random intervals, and the number 
of such observations are large, the percentage of observations recorded for 
an activity can be assumed to represent the percentage of total elapsed time 
required by that activity in the production of the output obtained during 
that time period. Thus time per piece can then be calculated. Standard 
or allowed time can be established by making an overall assessment for the 
rating factor (alternately, a rating factor can be recorded every time an 
observation is made and an average rating derived from this) and adding 
appropriate allowances. The accuracy of the results obtained by work 
sampling technique depends largely on the number of observations made. 
It also depends on the randomness of the observation. 

The technique is covered in more detail in a separate note. 

FATIGUE AND OTHER ALLOWANCES 

Morrow has defined fatigue as “the effect of work upon 
mind and body of the worker which causes lowering of productivity or 
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quality of production or both, and which is relieved by rest or change.” 1 

Depending on the nautre of activity and the working conditions with 
respect to noise, lighting, temperature-humidity, smoke, gas, and job monotony, 
varying amounts of rest allowances should be included as a part of the 
standard. In computing the standards, the rest allowance must be assessed 
and added to the normal or basic time of every element. 

As early as 1884, Dr. Mosso conducted experiments on the physiolo¬ 
gical fatigue of human beings. Substantial research work has also been 
done in the 20th century starting with Frank Gilbreth. But there is as 
yet no scientific scale to indicate how much rest must be given and at what 
intervals to reduce fatigue to the minimum and get maximum output per 
man-hour. Oxygen consumption, pulse rate, skin temperature, and pro¬ 
duction curves are some of the measures which have been used to assess 
fatigue. 

The factors which give rise to the need for rest allowance are: (i) Physical 
effort, (ii) Posture, (iii) Working movement, (iv) Degree of concentration 
and mental effort, (v) Special clothing, (vi) Monotony, and (vii) Working 
conditions: light, noise, temperature-humidity and ventilation, etc. 

Results of several experiments illustrate how certain factors of fatigue 
affect production. A few examples are given below: 

(a) a 50 per cent reduction in noise level in an office increased the 
typists’ output by five per cent 2 ; 

(b) breaking the monotony of work by introducing variations -in the 
nature of work resulted in a nine per cent increase in production 
in a cigarette manufacturing plant 3 ; 

(c) in an experiment conducted by Harrold Burris—Mayer of Stevens 
Institute of Technology, it was found that the production per 
100 man-hours of work was increased by 11.4 per cent after the 
introduction of music while workers were working. 4 

Not only change of working conditions but even changes such as 
introducing rest pauses at suitable intervals have proved to be responsible 
for increasing production. For example, according to one experiment 
referred to by Morrow, 5 with the introduction of rest pauses, the rate of 
work increased by five per cent and the overall production per hour also 
increased by one per cent. Taylor in his experiment on handling pig iron 
increased the output from I2i to 47 tons per day mainly by making workmen 

1. R. L. Morrow, Motion Economy and Work Measurement, 2nd ed. (The Ronald 
Press Co., New York, 1957), p. 151. 

2. Ibid* p. 153. Also see pp. 177-184. 

3. Ibid., p. 160. 

4. Ibid., p. 167. 

5. Ibid., p. 164. 
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rest for 50 per cent of the time and work only for 43 per cent of the time. 1 
It is clear, therefore, that even if a worker wants to take rest only after com¬ 
pleting several cycles of a job, or after completing several jobs, it may be 
advantageous to incorporate rest pauses at specific intervals. 

Dr. Lucien A. Brouha, who conducted studies on fatigue and pulse 
rate at Harvard Fatigue Laboratory, has drawn some useful conclusions. 
He says: 

“It has been our experience over the last eight years that when the 
average value of the first recovery pulse is maintained at about 110 per 
minute or below, no abnormal fatigue is observed as the day progresses... 
It appears that this level of work can be maintained throughout the shift in a 
physiological steady state provided work and rest periods are adequately 
organized. The recovery is complete, and the physiological measurements 
taken at rest and at the end of the day are within normal limits.” 2 

As said earlier, in spite of all the experiments, there is no scientific 
method of finding out the amount of fatigue allowance required for a given 
job and a given set of working conditions. Nevertheless, the results of 
several experiments have served as a useful guide in determining the rest 
allowance needed. Many workstudy practitioners assign fatigue allowance 
to a job based purely on their judgement. Some companies have tables 
listing the rest allowances to be added to normal time according to weight 
carried, work posture, severity of work, temperature-humidity conditions, 
etc. The Imperial Chemical Industries Limited have such reference tables. 
Andrew Rae provides a “Typical Rest Allowance Table” 3 in his book, 
Work Study , a Practical Primer . 

The main purpose of setting standards for jobs or production standards 
per day or week is that the standards so set can be used for incentives, for 
planning purposes, costing and budgeting and to design and balance assembly 
lines. It is imperative therefore that the time standards set for repetitive 
jobs should hold good not just for a few cycles but over a normal work day. 

Close observation of production and associated activities and delays 
reveals that normal or basic times plus fatigue allowances, for a task, are 
not enough to establish realistic standards. Some or all of the following 
additional allowances may be necessary depending on situations. 

(1) Irrespective of the nature of jobs, workers have to take time off 
from their jobs for personal needs, c.g., a smoke, a visit to the toilet, a cup 
of tea, etc. It is a common practice to add a personal allowance (usually 
five per cent of normal time) to take care of these. 


1. F. W. Taylor, The Principles of Scientific Management (Harper and Brothers, 
New York, 1911), p. 57. 

2. R. L. Morrow, Motion Economy and Work Measurement , 2nd ed. (The Ronald 
Press Co., New York, 1957), p. 184. 

3. Andrew Rae, Work Study , a Practical Primer (International Publishing 
Corporations Ltd., 1964), p. 74. 
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(2) Where a worker is not working independently, and his work is 
controlled by either a machine (as in a man-machine system), or by a group 
of workers (like in an assembly line), the standard time for the work of an 
individual cannot be taken as the basis for working out production standard 
for the system. It may be that a worker has to wait till the machine has 
completed some work, or he may have to wait for the completion of work by 
other members in a group. In either case, a process allowance has to be 
added to the standard time of the worker under reference. 

It is obvious that in these systems the man or the machine which needs 
the longest standard time and thus controls the output from the system will 
determine the production standard for the entire system. 

(3) In actual practice, uncontrollable and practically unpredictable 
production interruptions take place because of tool breakage, brief, un¬ 
scheduled machine stoppage, instructions or checking by foreman, occa¬ 
sional faulty material, etc. Measuring the duration of such interruptions and 
establishing frequencies would be an uneconomical proposition. It is 
therefore better to add a flat percentage as a contingency allowance. 

With the addition of relaxation allowance (to compensate for fatigue) 
and one or more of other allowances to the normal or basic time, we get an 
allowed time for a job. This then becomes the basis for incentive payments 
or for determining standard production per unit of time. 


3 


NORMAL DISTRIBUTION 


One of the most useful of all statistical tools is the normal 
distribution. It is applicable to industrial problems covering a broad range 
from machine maintenance to sales forecasting. In its most familiar form, 
it is recognized as the “bell shaped curve” (Fig. 1). Such distributions are 
formed by any group of statistics which fluctuate randomly about a central 
point . The population (the total group of statistics from which the figures 
under examination are taken) is said to be “normal.” 



Suppose a man is taking archery lessons and shooting at a target such 
as that shown in Fig. 2. The point at which he is aiming is the circle in 
sectors eight and nine. Let us further suppose that the only factor which 
influences the flight of his arrows is a random shaking of his hand. If we 
plot in bar-graph form the frequency of hits in each target sector (or the 
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FIG. 2 
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distance from the centre of the target) we should find a pattern similar to that 
in Fig. 3. By connecting the tops of the bars, the familiar “bell shaped 
curve” emerges. (Actually, the line drawn in Fig. 3 is that of the distri¬ 
bution which the data approximates, rather than just a connection of the top 
points of the bars.) This pattern is “normally distributed” around the centre 
of the target. 

If we were to examine only the first 10 shots, they might or might not 
approximate the pattern shown in Fig. 3. Since each event (arrow) is ran¬ 
domly distributed around a central point (the target circle), it is possible 
that a small number of events will give a misleading picture, since events 
which have a low probability of occurrence but which have, by chance, 
occurred among the first 10 shots will distort the pattern. It is only after a 
large number of events have been included that we can be sure that events 
with low probabilities of occurrence will not distort the picture and that a 
steady pattern emerges. 


FREQUENCY OF HITS 



TARGET 

SECTOR 

NUMBER 


FIG. 3 

If our “would-be archer” were to continue shooting arrows indefinitely, 
the shape of the curve formed by the top of the bars would exactly conform 
to the curve shown. However, since the sample is considerably smaller 
than the total population (all of the arrows he could possibly shoot), it only 
approximates the curve. 

Similarly, if a perfectly balanced 10 p. coin is tossed into the air in 
such a manner that there is equal probability of its landing on either face, 
and we count the number of times in 10 tosses that the Asoka lions show up, 
a normal distribution is formed. However, this distribution differs some¬ 
what from that of the archer’s arrows. Each event (the toss of a single coin) 
is not normally distributed (the possible outcomes are not randomly distri¬ 
buted about a central point but are clearly a choice between two alternatives— 
such distributions are called “binomial”). However, samples (the number 
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of lions in ten tosses) from this population do form a normal distribution. 
This is an example of a general concept known as the “Central Limit 
Theorem.” Essentially, this theorem states that samples of statistics from 
almost any population (regardless of the population’s ’ distribution) tend 
to approach “normality” as the number of samples taken increases. 

In the case of the man shooting arrows, the population itself is normally 
distributed (i.e., the striking of each arrow). In the case of the coins, the 
population is not normally distributed (i.e., the toss of each coin). However, 
samples taken from the non-normally distributed population are normally 
distributed. 

Let us return to our archery student. While he was distracted for a 
minute (tossing coins), someone moved the circle slightly (see Fig. 4). He 



TARGET SECTOR 
NUMBER 


FIG. 4 


now shoots another 100 arrows. The results are shown in Fig. 4a. Notice 
that the two patterns are almost identical. The only difference is that the 
second distribution has been shifted to the left by the same amount that the 
target was shifted. 

At this point, our archer friend hands the bow and arrows to his 
instructor, who shoots 100 arrows to show how it should be done. The 
resultant pattern is shown in Fig. 4b. The difference between 4a and 4b is 
that the instructor’s accuracy is better, and the dispersal of arrows around 
the centre is less. The peak of the curve still falls in the same place, since 
they were both aiming at the same point. 

The normal curve can be fully described by specifying two quantities, 
the central tendency point (the mean) and the degree of dispersal (the standard 
deviation). Once these two quantities are known, the shape of the curve 
is also known. Fig. 3 and 4a have the same standard deviation (both done 
by our novice) but different means (since the central point had shifted). 
Figures 4a and 4b have the same means (since both archers aimed at the 
same point), but different standard deviations (since the accuracy of the aim 
had changed). 

The mean and the standard deviation of a “normal” population can 
be estimated . It is impossible to calculate these quantities exactly without 
looking at every event in the population. However, if a large enough sample 
is taken in a truly random fashion, it is possible to approximate them very 
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FREQUENCY 





FREQUENCY 



closely. Usually, the actual (or theoretical) mean and standard deviation 
of a population are designated by M and S respectively, while the approxima¬ 
tions derived from samples drawn from the population are designated as 
x and s. 

The mean can be computed by making a number of random observa¬ 
tions of events from a population, adding together the values of these events, 
and dividing the sum by the total number of events. In mathematical form, 

this is written as: x = ^ (where x stands for the value of each event or 

observation, £ means the sum of all the x’s, and n is the total number of 
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observations), “x” is also known as the common “average.” It is the 
central point of the distribution. 

The standard deviation can be computed by taking the differences 
between the value of each of the events and the mean (i.e., dispersal from the 
central point), squaring them (to eliminate negatives), adding these squared 
quantities together, dividing the sum by the number of observations (actually, 
n-1 is used as it simplifies computations for a number of more detailed 
statistical analyses, and dividing by “n-1” instead of “n” has little effect on 
the value of the standard deviation), and taking the square root of the whole 
quantity. In mathematical form, this is written as: 



So far, we have discussed the construction of normal curves by observ¬ 
ing the frequency of occurrence of specific events, plotting them in the form 
of bar graphs, and connecting the tops of the bars. This is an interesting 
exercise, but we must now answer the question of, “what use is all this?” 
The primary use of such computations is to aid in lessening uncertainty about 
the future. Once we have an approximation of the size and the shape of 
the distribution of a population facing us, we can use the information to 
predict the occurrence of future events with much greater accuracy than we 
could without such data. Let us return to our student archer. Each reading 
on our graph corresponds to the number of arrows which landed in a parti¬ 
cular segment of the target. If we are satisfied that this pattern is represen¬ 
tative of the accuracy of our archer’s aim (and let us assume that he is a poor 
student and never improves with practice), we can use it to better judge his 
future shooting feats. Suppose we divide the number of occurrences for 
each interval by the total number of events (100). We then have the 
probability that any one of his arrows will fall in a given interval. From 
Fig. 4a, the probability that he will hit the aiming point is .27 (27 out of the 
100 arrows hit the point). Certainly this would be useful information 
if we were making wagers on our friend’s prowess with a bow and 
arrows. 

If we plot Fig. 4a after dividing by 100, we obtain an identical curve. 
The only thing that changes is the vertical scale. Instead of the peak point 
being 14 (or 13 on our fitted curve), it is now .14. If we sum each of the 
points, instead of 100, we will come to a total of one. We can now regard 
our new distribution of the probabilities that any event will assume a parti¬ 
cular value, and we are now in a position to make fairly accurate guesses as 
to the chance of any given event occurring in the future (i.e., the chance 
of an arrow striking any given sector or area on the target). It should be 
evident that our prediction of how many arrows will hit the aiming point 
(out of a number of arrows) will be much more accurate than our prediction 
as to which sector any one arrow will land in. 
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Mathematically, the standard deviation has been constructed in such 
a manner that the probability of any given event’s occurrence is a function of 
its distance from the mean, as measured in standard deviation units. To 
obtain standard deviation units, one locates the event on the horizontal 
scale, subtracts the value of the mean (disregarding any minus signs, since the 
curve is symmetrical), and divides by the standard deviation. In Fig. 4a, 
if the event we are considering is a hit in sector 18, the number of standard 
deviation units involved is 2\. (18— lOi, divided by 3). Tables have been 
made to simplify computations, and all we have to do is look up the proba¬ 
bility of an event occurring 2\ standard deviations away from the mean. 
It works out to .01. Since we had 100 events in Fig. 4a, we would expect 
one arrow to have hit in sector 18. 

Exhibit 1 shows such a table. Rather than show the exact probability 
of a given event occurring, these tables usually show the cumulative probability 
(e.g., the probability that an event will be less than a stated value). The 
probability that an event will be more than a stated value can be found 
by subtracting the cumulative probability from one. 

To test the use of the tables, the following problems should be worked 
out. Answers are given below. 

(1) Using the target in Fig. 4, what is the probability of our 
archery student hitting to the left of sector 12 (i.e., sector 11 or 
lower)? 

(2) What is the probability of hitting to the right of sector 12 (i.e., 13 or 
higher)? 

(3) What is the probability of hitting sector 12? 

(4) What is the probability of hitting to the left of sector 10? 

(5) If our student made a bet that he could put 75 per cent of his 
arrows in sectors numbered lower than 10, and 25 per cent in 
sectors higher, where should he aim? 

ANSWERS 

(1) The probability of hitting to the left of sector 12 (11 or lower) 

can be computed directly. The mean is 10i and the standard 

deviation is 3. Therefore, the number of standard deviation 
units is: 

- 11 ^ = 0.1667 

From our table, this falls between 0.1 andO. 2. An estimate would 
put the figure at 0.5660. 

(2) The probability of hitting to the right of sector 12 is the comple¬ 
ment to the probability of hitting sector 12, or lower. Since 
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the mean is 10£, and the standard deviation is 3, the number of 
standard deviation units is: 


From our table, we find that the probability of hitting 12 or lower 
is 0.6915. Therefore, the probability of hitting 13 or higher is 
1—0.6915, or 0.3985. 

(3) The probability that he hits twelve can be calculated by sub¬ 
tracting the probability that he hits 11 or less (computed as 
0.5660 in problem 1) from the probability that he hits 12 or less 
(computed as 0 6915 from problem 2). The answer is, therefore, 

0 . 1255 . 

(4) The probability of hitting to the left of sector 10 is the same as 
the probability of hitting sector nine or less. Sector nine is . 5 
standard deviation units away from the mean. However all of 
the figures in the chart are for sectors greater than the mean. We 
must therefore make use of the fact that the curve is symmetrical. 
The probability to the left of the mean is exactly equivalent to the 
probability that a given event is equal to more than the same 
number of standard deviation units to the right of the mean. We 
have already computed this probability in problem 2 as 0.3085. 

(5) We must first find the number of standard deviation units which 
give a probability of 75 per cent for events occurring to the left. 
From the table, this is approximately 0.7 units. We must there¬ 
fore select our aiming point so that sector 10 corresponds to a 
distance 0.7 units away from the aiming point (which will become 
the new central tendency). 0.7 standard deviation units equals 
approximately 2 sectors (3 sectors equals one standard deviation 
unit. Therefore 0.7 X 3 = 2.1). He must therefore aim at sector 
eight. 

note: Discrepancies between the computed results and the points in 
Fig. 4a result from the fact that the table is based in continuous 
data, whereas our archer was producing discrete events which 
have all been lumped in given intervals (i.e., the table assumes 
that any Value could be taken, such as interval number 12.37, 
whereas our data excludes the possibility of anything but whole 
numbers—interval 12 or 13, but not anything between). 
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Exhibit 1 

Probability that a given event will be less than or equal to a Set Value 


No. of Standard Probability * No. of Standard Probability * 


Deviation Units 


Deviation Units 


{D) 


(D) 


0.0 

0.5000 

1.7 

0.9554 

0.1 

0.5398 

1.8 

0.9641 

0.2 

0.5793 

1.9 

0.9713 

0.3 

0.6179 

2.0 

0.9772 

0.4 

0.6554 

2.1 

0.9821 

0.5 

0.6915 

2.2 

0.9861 

0.6 

0.7257 

2.3 

0.9893 

0.7 

0.7580 

2.4 

0.9918 

0.8 

0.7881 

2.5 

0.9938 

0.9 

0.8159 

2.6 

0.9953 

1.0 

0.8413 

2.7 

0.9965 

1.1 

0.8643 

2.8 

0.9974 

1.2 

0.8849 

2.9 

0.9981 

1.3 

0.9032 

3.0 

0.9987 

1.4 

0.9192 



1.5 

0.9332 

4.0 

1.0000 (for most 




practical 

1.6 

0.9452 


purposes) 


* From pages 273-276 of Handbook of Mathematical Tables and Formulas , R. S. 
Burington, Handbook Publishers, Inc., Sandusky, Ohio, 1954. 

note: If we look at the area enclosed by ±1D, we cover 58.26% of the expected 
events 

±2D includes 95.44% 
and ±3D includes 98.74% 

For most practical purposes, ±4D includes all events. 



4 


WORK SAMPLING 


Introduction 

Work sampling is the term used for a technique which 
essentially consists of taking a series of instantaneous random observations 
of defined activities and delays. The technique can be used to study activi¬ 
ties involving one or more workers or pieces of equipment. The percentage 
of observations recorded for a particular activity or delay is a measure of 
the percentage of the time during which that activity or delay occurs. 

This technique has been given many names such as: Snap Reading, 
Ratio Delay Study, Work Sampling, Performance Sampling, Activity Ratio 
Studies, and Random Observation Study. 

History 

The technique was first used by L. H. C. Tippett of the 
British Cotton Industry Research Association in 1934. The possibility of 
adopting such a technique for general use was further developed by R. L. 
Morrow in a paper presented to the American Society of Mechanical Engi¬ 
neers in 1940 and later in his book Time Study and Motion Economy published 
in 1946. Morrow was interested in using the technique to find out delays 
in the performance of work. He, therefore, called the technique ‘Ratio 
Delay,’ whereas Tippett had earlier called it ‘Snap Reading.’ 

For nearly 20 years after the technique was first developed, its use was 
infrequent and hardly noticeable. Since the last decade the technique has 
been used increasingly for a variety of purposes like finding utilization of equip¬ 
ment or men, establishing time standards, setting up incentive schemes, etc. 

Theoretical Basis 

The method adopted is similar to that used in statistical 
quality control and is essentially a sampling technique. It is possible to 
draw conclusions about the proportion of defective articles in a large number 
by sampling methods. The results shown by the sample can be taken to 
indicate, within specified limits, the proportion of defective articles in the total. 

Time can be considered as consisting of large number of instantaneous 
‘moments’ which can be sampled. Whether it is a machine activity or 
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operator activity, sample observations will indicate proportion of delays 
and activities. 

example. The following example will illustrate the principle: 

Suppose an operator or a machine working an eight-hour shift is to be 
studied to establish the percentage delay and activity; this can be done by 
continuous observation wherein delays are noted as and when they occur. 
Let us assume the picture is as follows: 
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Total period of continuous observation = 8 hours 
(leaving the meal break) 

Total non-working time =2.2 hrs. 

2.2 X 100 
8 

= 27.5 per cent of the total 
shift hours 

Suppose, simultaneously, in the same shift work sampling was also car¬ 
ried out and, after 30 observations made, at random, the picture was as follows: 





No. of random observations = 30 

No. of non-working period observations = 10 
Non-working time as percentage of total j _ lOx 1 00 


= 33£ per cent. 


time J 30 

It can be seen that the result obtained by work sampling differs from 
the one obtained by continuous observation. Had more observations been 
made in the work sampling study, the result would have come closer to the 
27.5 per cent obtained from continuous study. Conversely, we could also 
say that the number of observations to be made depends on the accuracy 
required. Assuming that the only errors that can creep in are random 
experimental errors, we can generalize that the accuracy of work sampling 
study^is directly dependent on the number of observations. 


Accuracy of Results 

Work sampling measurements (of the frequency of occur¬ 
rence of a specified activity) are subject to two kinds of errors: 

(1) errors due to bias. When observations are recorded in a work 
sampling study of human activity the presence of the observer may result in a 




















































68 


PRODUCTION MANAGEMENT—TEXT AND CASES 


change in the specified activity being observed. Further, the study is conduct¬ 
ed over a finite period of time, and that period may not be representative. 

The only check as to whether bias it present is to test the consistency 
of the results, either within themselves or with other known factors. 

(2) experimental error. The time spent on a specified activity or 
delay is worked out from a finite number of random observations. Due to 
this limitation on the number of observations an experimental error is intro¬ 
duced. This error is a measure of the sampling variations and is expressed 
in terms of the standard deviation given by the formula: 

s - •••« 

where p = occurrence of the specified activity expressed as a percentage 
of the total number of observations (N). 

N = total number of random observations used in calculating p. 

S = standard deviation of p expressed as a percentage of the 
total number of observations (N). 

For a normal distribution it can be shown that: 

68 per cent of the time the true value of p lies within p ± S 

95 per cent of the time the true value of p lies within p ± 2S 

99.7 per cent of the time the true value of p lies within p ± 3S 
The most commonly followed practice is to aim at 95 per cent con¬ 
fidence limits. Therefore the equation of this purpose would be: 


..( 2 ) 

where i L is the accuracy in percentage of total time, with 95 per cent 
confidence limits. 

Normally, one would like to find out the number of required obser¬ 
vations or the accuracy of the estimate. The ways in which these can be done 
are illustrated below: 

(a) Finding Required Number of Observation: Suppose the required 
accuracy is ± 5 per cent of total time with 95 per cent confidence. 

If the activity is thought to occupy 30 per cent of total time, we have 
to find out the number of observations required, using the formula: 


which can be re-written as N 


L=2.^/ P(100-P) 
4p(100—p) 


L* 


...(3) 


we have 


Now, substituting for p and L, 

XT _ 4 X 30 (100-30) _ 4 X 30 X 70 
N ~ 25 25 

= 336 or say 350. 

This is the minimum number of observations required, it may be seen 
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from the above that if the accuracy required is ±3 per cent instead of ± 5 
per cent the number of observations required would be: 

N = = 933, i.e., nearly three times the number 

required in the previous case. 

(b) Finding the Accuracy of the Estimate. After the studies are 
completed it is necessary to determine the accuracy of each of the estimates 
of different activities and delays. This could be done by using the same 
equation (2). 

Let us take the example given on page 67 about the operator or machine 
on an eight-hours shift, and find out the accuracy. 

Substituting in equation (2) we get 

T /33.3(100-33.3) 

“V 30 

- /'33.3x66.7 , 0 , 

= 2 f\y - 20 - = ± 8.6 per cent. 

In other words, it can be said with 95 per cent confidence that the actual 
percentage of non-working period is (33.3±8.6) per cent, i.e., the percentage 
of non-working period may lie between 24.7 per cent and 41.9 per cent of the 
total time. 

A useful guide to keep track of the increasing accuracy of the estimate 
is the following graph: 

ESTIMATE OF 
ACTIVITY OR 
DELAY AS PERCENT 
OF TOTAL TIME 


50 100 150 200 250 

CUMULATIVE TOTAL OF OBSERVATIONS 

Planning, Executing and Analysing Studies 
The first step is to select the study and know precisely the 
purpose for which it is going to be conducted. 

1. planning the study, (a) Activities and Delays. Identify the 
various kinds of activities and select those which need to be studied. 
In the simplest case one might merely use the classifications of 
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‘working’ and ‘not working’. For more details each one of these 
categories can be further sub-divided. For example, if we are 
studying typists at work, the category ‘working’ can be sub¬ 
divided into setting paper and carbon, typing, sorting and putting 
away, etc. Similarly, ‘non-working’ could be sub-divided into 
non-working because of receiving instructions, taking rest, no 
work available, etc. 

It is better to record observations on many headings rather 
than too few since combining two or more at a later date is easy, 
while the reverse may be impossible. 

(b) Representative Period . It is necessary to select a repre¬ 
sentative period for the study. For this purpose the study can be 
spread over several days or weeks. The length of the period 
should, however, be a multiple of work cycle time. 

(c) Number of Observations. Depending on the accuracy 
required for determining the activity and delay figures, the number 
of observations should be worked out using formula (3) given on 
page 68. 

(d) Number of Operators or Machines to be Studied . This 
will depend upon the time taken for a cycle of observations. If 
the operators or machines are performing similar tasks and an 
average percentage activity or delay is desired, one observation 
cycle could yield as many observations as there are operators or 
machines. On the other hand, it may be useful to observe a 
smaller number over more cycles. 

(e) Study Programme . Given the total number of obser¬ 
vations required [calculated from formula (3)], and the repre¬ 
sentative period (in hours, days or weeks), the number of obser¬ 
vations to be made per hour, day or week, as the case may be, 
can be derived. If there are several observers, the number of 
observations per person can be calculated. Generally, it is a 
better practice to have more than one observer. Obviously, each 
one should make his observations at different and random times. 

The routes to be selected should also be chosen at random 
just as round commencing times should be chosen at random. 

(f) Observation Sheet . The observation sheet can be de¬ 
signed either (I) to record all activities and delays for one machine 
or operator on one sheet by having one column for each kind of 
activity or delay; (II) or alternatively to provide only one column 
on a sheet for each operator or machine, and record a symbol or 
code for each kind of activity or delay under the relevant operator 
or machine column. In either case, the first column should 
indicate the time the cycle commenced (chosen at random). A 
specimen of each design is given below: 
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A. ONE SHEET FOR ALL OPERATORS 



T = Typing; R = Resting; WW = Waiting for work; Sp = Setting paper 



2. executing the study, (a) Early Round of Studies. Until the 
observer and the operators being studied get used to the study 
it is possible that the results may be biased or there may be errors. 
It is better to ignore the observations of early rounds. 

(b) Observation Cycles. When more than one machine or 
operator is being observed in each cycle, the sequence in which it is 
observed should be decided at random. This is, however, quite 
difficult in practice. It is often sufficient just to have the observer 
change his route, to avoid operators getting accustomed to a 
particular sequence. 

(c) Recording Observations. The observer must be scrupu¬ 
lously honest and record the activity or delay as soon as the 
machine or operator is seen. He must record what is happening 
rather than what has happened an instant before, or is likely to 
happen a moment later. 

Depending on the design of the observation sheet, either the 
relevant symbols or «/ marks under the relevant columns should 
be recorded. 
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3. analysis. After completion of study the data should be analysed 
and presented, highlighting the important aspects. A specimen 
pro forma is given below: 


Activities 

and 

delays 

Observations 

Estimated per¬ 
centage of total 
time 

95 per cent 
confidence limits 
as percentage of 
total time 

Activities 1 

200 

40 

±4.4 

2 

120 

24 

±3.8 

3 

80 

16 

±3.3 


400 

80 

±3.6 

Delays 1 

60 

12 

±2.8 

2 

40 

8 

±2.4 


100 

20 

±3.6 

Grand Total 

500 

100 



Column 3 in the above table is worked out by finding the parti¬ 
cular activity/delay observations as a percentage of the total 
number of observations. Column 4 is obtained by using the 
formula given in page 69 of the note. 

The study data can be further analysed to find out: (a) the 
estimated percentage of total time (activities and delays separately) 
for different operators or machines; (b) the estimated percentage 
of time by different days (where study is spread over several days); 
(c) the estimated percentage of time by different times of day, etc. 

It should be borne in mind, however, that as the total number 
of observations is sub-divided as in (b), (c), etc., the accuracy of the 
results is reduced. 
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CRITICAL EXAMINATION TECHNIQUE 


The Critical Examination Technique is a very useful analy¬ 
tical tool used for method study. It can be used not only to study operations 
but also in pre-operational situations like project planning and the design 
of major equipment. The technique has been widely used in the United 
Kingdom, particularly by companies like the Imperial Chemical Industries 
Ltd. 

Essentially, the mechanics of this technique consists of systematic 
questioning of all relevant details of the method under scrutiny, developing 
various possible alternatives, evaluating the important ones, and choosing 
from among these, keeping in mind short or long range objectives. 

To start with, an operation process chart is drawn depicting the 
method/procedure/process under study. From this chart the most important 
operation is chosen for the first critical examination. The operation/acti¬ 
vity, thus chosen for the study, is precisely but briefly written out. Having 
spelt out the activity, all facts in respect of WHAT is achieved, HOW it is 
achieved, WHEN it is achieved, WHERE it is achieved, and WHO achieves 
it, are recorded in that order, in a vertical column. Each of the stated facts 
under what, how, when, where, who, is then subjected to the question: “why 
that way?” 

Next a series of alternatives are generated in a systematic way. From 
these alternatives, one or more are then selected for further analysis. This 
analysis would include finding out the implications of costs and benefits, the 
short-run and long-run advantages and disadvantages, etc. It then becomes 
easy to decide on the best method under the circumstances . 

In recording the relevant details and in performing the analysis, a 
systematic approach is essential, lest one should go astray and get lost in too 
many details. To avoid this, some general guide-lines should be followed, 
for presenting the facts, questioning, and evolving alternatives. Annexure I 
to this note presents an example of a ‘guide to the use of Critical Examina¬ 
tion Sheets’ as used by Imperial Chemical Industries Ltd. 
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Annexure 

METHOD 


Guide to the Use of Critical 


FACTS—Existing/Proposed 


WHAT is achieved? 

1. The Achievement should be a sentence 
that identifies in minimum detail the 
change of state. 

2. Definition should match the scope of 
study agreed at SELECT and the scale 
of Chart used as a basis for EXAMINE. 

3. Avoid encroaching on the Objectives 
in the WHY? box. (Achievement too 
broad.) 

4. Avoid specifying HOW. (Achievement 
too detailed). 


WHY? 

1. Ask WHY? of each significant part of 
word of Achievement, starting with the 
verb. 

2. What previous and subsequent activities, 
or other factors, make this part of the 
Achievement necessary? 

3. Pursue the underlying reasons to the 
limit of the Terms of Reference. 

4. Expose the weakness and strength of the 
present situation. 

Notes . (a) Avoid vague and general explana¬ 
tions such as ‘designed that way.’ 
(b) The principles implied by these 
guides apply to each WHY? box. 


HOW is it achieved? WHY THAT WAY? 


Specify everything that directly aficcts the See WHAT, and in addition: 

Achievement under the following headings. Note . Reasons for the method need not always 
(Note that the headings sometimes need be technical or commercial, e.g., policy 

special interpretation.) safety, tradition, may be influences. 

1. Materials (objects worked on): List 
quantities and qualities from start to 
finish of selected operation. 


2. Method 

(a) What is done—a broad outline of 
the process stage. 

(b) How it is done—details of sequence 
of activities and process conditions. 

3. Equipment (objects worked with): List 
plant items, services, consumable stores 
used to effect the change in the materials. 

Notes, (a) Limit the detail to that demanded 
by the Terms of Reference of the 
investigation and the needs of eva¬ 
luation. 

(b) The whole of WHAT must be 
completed first. HOW, WHEN, 
WHERE, WHO, may be tackled in 
any order that suits the investiga¬ 
tion. 
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I 

STUDY 

Examination Sheets* 

ALTERNATIVES Considerations for DEVELOPMENT 


Record all Conceivable Alternatives 

1. Systematically associate with each signifi¬ 
cant part of the Achievement the ideas of: 

(a) Eliminate 

(b) Avoid the need by changing a controlling 
or limiting factor. 

(c) Modify —more of, less of, more than, 
less than. 

(d) Other —something different, not covered 
by above guides. 

2. What is the real meaning of the above 
word—associations in the context of the 
job? Record IMPLICATIONS at once; 
consider feasibility later. 


This column may be used to record information 
under one or more of the following headings: 

1. Further implications of Alternatives. 

2. Questions, for example concerning im¬ 
plications, feasibility, or evaluation. 

3. Answers to questions. 

4. Note of required conditions for Alterna¬ 
tives to be workable, and the conse¬ 
quences of adopting Alternatives. 

5. Alternatives selected for development. 

6. Evaluated and accepted Alternatives. 
Note. Consider Alternatives/Implications as 

Short Term (within Terms of Reference) 
and otherwise. 


List Alternatives for each item of statement, See WHAT 
particularly for Materials and Method. 

Consider the idea of Eliminate against each 
significant part of HOW, if it has not already 
been adequately covered under WHAT. 

1. Materials 

Change qualities or quantities. Use 
extra or different materials. 

2. Method 

Change the activities, in nature, amount, 
or sequence during the operation. 

Change conditions; temperature, time, 
pressure, etc. 

3. Equipment 

Does different equipment suggest Me¬ 
thod or Material changes? 

Note . Sometimes the WHAT guides are of 
value under HOW. 


(< Continued) 
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FACTS—Existing/Proposed 

WHEN is it achieved? WHY THEN? 


1. Sequence. What arc the previous and 
subsequent significant operations? 

2. Frequency 

3. Absolute Time 

4. Duration 

Note. Define only relevant aspects. 

Sec WHAT. 

WHERE is it achieved? 

1. Define with detail appropriate to Terms 
of Reference, ranging from geographi¬ 
cal area to precise location. 

2. State position relative to other opera¬ 
tions. 

WHY THERE? 

See WHAT, but in particular ask: 

1. What were the reasons for the present 
situation? 

2. Are those reasons still valid? 

WHO achieves it? 

WHY THAT PERSON? 


Define person or group on a scale appropriate Sec WHAT, but in particular ask: 

to Terms of Reference, for example: I. What were the reasons for the present 

In manual jobs—numbers, sex, skill, hours, specification? 


etc. 

In process investigations—rarely applicable. 
In project work—Company, Division, etc. 

2. Are those reasons still valid? 


♦Reproduced with the permission of Imperial Chemical Industries Limited. 
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ALTERNATIVES 

Considerations for DEVELOPMENT 

1. 

List other positions in the sequence of 

See WHAT, and in addition consider: 


events as defined by the Achievement 

1. Do sequence changes suggest any other 


including combination with other opera- 

modifications to Method? 


tions. 

2. Select advantageous sequences only after 

2. 

More or less frequently? 

other appropriate operations have been 

3. 

Earlier or later? 

examined. 

4. 

Shorter or longer duration? 


1 . 

What places would offer advantages, 

Sec WHAT, and in addition consider, if 


bearing in mind any imposed restric¬ 

appropriate: 


tions? 

1. Effect of position on Method. 

2. Effect of position on operation, cons¬ 



truction, maintenance. 



3. Effect of position on raw materials. 



services, markets. 

1. 

What sort of person/organisation? 

See WHAT, but, 

2. 

What specific pcrson/organisalion. 

Note, WHERE and WHO arc usually both 

3. 

Could the present person do anything 

most profitably considered towards the 


else? 

end of the DEVELOPMENT stage. 


(Organisational investigations arc 
typical exceptions.) 














Case Studies for Part Three 


INDIAN ELECTRICAL INDUSTRIES (B) 


In February, the production manager of Indian Electrical 
Industries asked Mr. Lakshminarayanan to examine the operation of the 
100 ton bakelite press in department number 9. The press was operated 
for two shifts, and used exclusively for the manufacture of electric switch 
box covers. In February, the rate of production of covers was just barely 
able to keep pace with the ever increasing requirements of the various 
electric switch assembly departments, and since the latest sales forecast 
indicated a need for doubling output by mid-year, the production manager 
was anxious to increase his cover manufacturing capacity accordingly. 
The company had tried to add a third shift but had found it impractical 
because of the difficulties of getting operators and supervisors to come in 
at such odd hours. 

Production of Switch Box Covers 

The switch box covers were 4" x 5" x \\ compression 
moulded, plastic parts (Appendix I describes the compression moulding 
process). The main piece of equipment used was a 100-ton semi-automatic 
press. The machine was loaded and unloaded by hand, and was actuated 
when the operator pulled down a shutter, in front of the press. It opened 
automatically, after the proper amount of pressing and curing time had 
elapsed. In the case of the switch box cover, this time was exactly two 
minutes. A four cavity die was used, and four covers were produced in 
each cycle. 

It was not possible to produce more than four covers per cycle as the 
die could not accommodate more than four cavities. The plastic moulding 
powder was delivered to the operator in pre-weighed tablets, known as 
preforms. Approximately 100 of these were brought at a time by a materials 
handler who made sure that the press operator always had a ready supply. 
These were placed on a table on which there was also a small preheating 
oven. Eight tablets were required for each press cycle (two in each cavity). 
The preheating oven was a small (2' x 2' x 2') electrically heated box. When 
its door was closed, the heating process began. The door opened automa¬ 
tically, shutting the heater off, when the proper temperature was reached. 
Although it could hold more than 30 preforms of the size used for cover 
manufacture, only eight were heated at a time, since engineers said that 
heating more than eight at a lime would adversely affect the quality. It 
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took exactly one minute and six seconds, in this case, to reach the ideal 
emperature; however, up to six seconds variation, one way or the other 
(e.g., when the operator was not able to put the preforms into the press 
immediately) was not critical. 

In addition to the press and the oven, a third piece of equipment, a 
pressing die, was employed. The purpose of the pressing die was to 
ensure that the finished products did not warp during the first minute or two 
of cooling, once they had been removed from the press. The die was made 
from a metal plate and contained four cavities. The four switch box covers 
were placed on a table, and the die was placed over them. Its weight inhi¬ 
bited warping. Exhibit 1 presents a layout diagram of the area around the 
100-ton press. 

Mr. Narayanan observed the press operation for a number of cycles. 
A typical cycle was as follows: 

The operator transferred eight preforms from the oven to the cavities 
of the press, and sprinkled some loose powder (kept by the oven) over the 
preforms, to make up for any material loss due to chipped edges, etc. He 
then brought down the shutter of the press, returned to the oven, brushed 
it out, and placed eight new preforms in the device. He walked to the table 
where the pressing die was located, and broke off the fins from the four 
covers which had been removed from the pressing die in the previous cycle. 
He wore heavy gloves, and performed this work by snapping off the excess 
material with his fingers or the palms of his hands. The finished pieces 
were placed in a box alongside the table. 

As soon .as the press shutter opened, the operator walked over to the 
oven and closed the oven door, thereby initiating heating. He then 
proceeded to manually unload the press, using a hard rubber rod to poke 
any jammed parts from the cavities. If any of the pieces removed from the 
press were broken, he threw them on the floor behind the press, and these 
were picked up at the end of the day by the sweeper. The four moulded 
parts were carried to the pressing die. The operator arranged the four 
new pieces on an empty spot on the table, picked up the die (leaving on the 
table the four pieces which were already in the die) and placed the die over 
the new parts. The operator then returned to the press and cleaned the 
moulds with a soft brush, removing any material which remained from the 
previous cycle. He then waited for the oven to open so that he could take 
out the preforms and start the cycle over again. 

Mr. Narayanan broke the cycle into “elements” and spent several 
hours one morning studying and timing them with a stopwatch. The 
standard time worked out from such a study is given in Exhibit 2. 
Mr. Narayanan believed that throughout the observation period, the 
operator was working steadily, and more or less at a normal pace. 
He did not consider the number of defective parts produced to be 
excessive. 
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Possible Changes 

Mr. Narayanan thought that several improvements could 
be made in the methods used. The changes involved the use of compressed 
air (readily available throughout the plant) for cleaning the oven and the 
mould cavities, and for removing the moulded parts from the press, and a 
change in the procedure used to introduce the preforms and sprinkle the 
extra powder. Mr. Narayanan estimated that the new times for the parti¬ 
cular elements affected would be as shown in Exhibit 3, yielding an 
increase in capacity of 20 per cent (sec Exhibit 3). Based on these calcula¬ 
tions, the foreman planned to change the method accordingly. 

Before Mr. Narayanan had turned in his report, the production 
manager informed him that top management had decided to order a second 
press, since it was believed that methods changes could only secure a small 
portion of the large increase in output which was required. The new press 
would be identical to the old, would cost Rs. 1,15,000, and could probably be 
delivered within three months. The production manager asked Mr. Nara¬ 
yanan to look into the following questions: 

1. Would it be possible to have the present press operator look after 
both presses, or would a new operator have to be hired at 
Rs. 200 per month? 

2. A new preheating oven would cost Rs. 10,000 and an additional 
pressing die could be made in the plant for approximately 
Rs. 100. Was it necessary to double all of the equipment? 

3. Where should the second press, and any additional equipment 
required, be located? (Except for the press and the two tables, 
the corner of the factory in which the cover operation was carried 
out was bare, and the problems and cost involved in setting up the 
new press were the same for any position within twenty feet of 
the old machine.) 
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Exhibit 1 

INDIAN ELECTRICAL INDUSTRIES (B) 

Layout of Equipment Used in Manufacture of Switch Box Covers 



TABLE 


PREHEATING 

OVEN 





BOX FOR 
FINISHED 
PARTS 


Scale: i inch=l foot. 
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Exhibit 2 

INDIAN ELECTRICAL INDUSTRIES (B) 
Timings for Switch Box Cover Moulding Operations 


Element Description of element 

number 

Standard time 
(Mts.) 

i. 

Place 8 tablets in mould cavities and close 



shutter of press 

0.45 

2. 

Clean preheating oven, place 8 tablets inside 

0.65 

3. 

Remove fins while waiting for press to open 

1.35* 

4. 

Close door of preheating oven 

0 05 

5. 

Remove moulded parts from press 

0 20 

6. 

Remove old parts from pressing die and 



introduce new 

0.15 

7. 

Clean cavities of press 

0 60 

8. 

Wait for preheating to end 

0.15 

Total 3.60 mts. 


♦Actual Fin removal time was 0.40 mts. 


Exhibit 3 

INDIAN ELECTRICAL INDUSTRIES (B) 

Revised Timings of Elements Affected by Methods Change 


Element Description 

Old 

New 

number 

time 

time 


Minutes 

Minutes 

1 . 

Place 8 tablets in mould cavities and 
close shutter of press 

0.45 

0.35 

2. 

Clean preheating oven, place 8 tablets 
inside 

0.65 

0.40 

5. 

Remove moulded parts from press 

0.20 

0.15 

7. 

Clean cavities of press 

0.60 

0.40 



1790 

L30 


Savings: 0.60 minutes per cycle. 




Resultant increased capacity: 




Old time 3.60 minutes 

New time 0.60 minutes less, or 




3.00 minutes 




New capacity 3.60 of old capacity 

= 120 per cent. 


3.00 
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Appendix I 

INDIAN ELECTRICAL INDUSTRIES (B) 

Note on Compression Moulding 

Compression moulding is a process involving simultaneous 
application of heat and pressure usually used for manufacturing plastic 
parts made from thermosetting plastic material. Unlike thermoplastic 
materials which become viscous fluids under application of heat and can be 
reheated and reshaped many times, thermosetting materials do not liquefy, 
but soften instead, and once they have cured, they cannot be re-worked by 
further application of heat and pressure. 

In compression moulding, a large press is used (frequently rated at 
between 50 and 200 tons). The press holds a metal die which has one or 
more cavities. A specified amount of moulding powder, depending on the 
size and the shape of the part to be manufactured, is introduced either 
in powder form, or as pre-compressed tablets, known as “preforms.” 
Approximately 5-10 per cent over and above the weight of the finished part 
is placed in the cavities. 

By use of superheated steam or electricity, the press is heated to a 
temperature between 300°F and 350°F, depending on the type of material. 
The press closes slowly, to correspond to the rate of flow of the material 
into the various contours of the mould cavities. In accordance with both 
the type of material and the shape of the finished part, pressures normally 
range from 2,000 psi to 8,000 psi. Once the mould has closed, the pieces 
are allowed to cure. This may take from one to 15 minutes, and is a func¬ 
tion of the size and shape of the piece, the material, and the cooling facilities 
of the press. 

The temperature, pressure, the amount of material placed in the mould 
cavities, and the length of curing time must be carefully regulated. Either 
too much or too little of any of these will adversely affect product quality. 
Also, if too much material is placed in the dies, they may be damaged by the 
process. 

When curing is finished, the press opens and the moulded parts must 
be removed. Care must be taken to ensure that the mould is perfectly clean 
before the next charge is introduced. The moulded parts must be trimmed 
to remove the excess material which squeezes out between the die halves. 

Powder or preforms can be preheated in ovens prior to their intro¬ 
duction into the die cavities. The preheating can reduce moulding time by 
as much as 50 per cent and can also reduce the amount of pressure required 
by a similar percentage. The time required for preheating is dependent 
both on the type of oven used and the type and amount of material. It 
may be as little as one minute, or as much as 15 minutes. The material is 
usually brought up to a temperature of approximately 200°F. 


BRIGHT ENGINEERING COMPANY (A) 


The Bright Engineering Company (BEC), a small firm 
employing less than 100 people, manufactured parts for textile machi¬ 
nery producers. It had a stable product line of 15 items, each made to 
order for one or more specific textile machinery manufacturers. The 
company specialized in high-volume, simple-design parts, and it was not 
uncommon for a customer to order 50 lakh pieces of a particular part 
during the course of a year. All of BEC’s products were small, and re¬ 
quired little or no machining. Major operations were performed in the 
press shop, finishing department (mostly plating), and, when necessary, 
in the assembly area. 

Problem of Cost Reduction 

Because of a reluctance on the part of the equipment 
manufacturers to change designs, most of the company’s products were 
expected to run unchanged for several years. BEC management was 
not worried, therefore, about obsolescence of the company’s product 
lines. Management considered its major problem to be in the area of cost 
reduction, since equipment manufacturers were quick to change suppliers 
to take advantage of small price differentials. In recent years, compe¬ 
tition had been so keen in the industry that BEC and its competitors had 
been forced to sell a number of products at prices below total cost, in order 
to maintain employment levels and to recover some of the firms’ fixed 
costs. In the previous year, the company had earned a net, after-tax 
profit of Rs. 1.5 lakh on sales of Rs. 10 lakh and assets worth Rs. 10 lakh. 

As part of the company’s efforts to reduce costs, P. T. Vaman, the 
production controller, had undertaken a study of the work methods used 
to manufacture each of the company’s products. Recently, he had com¬ 
pleted an evening course on methods improvement, and was anxious to 
apply what he had learned. One of the operation sequences he had exa¬ 
mined was the aligning and sorting of wire rings, which were compo¬ 
nents of weaving loom bobbins (see Exhibits 1 and 2). Mr. Vaman had 
already finished the study and had changed the method used for sorting; 
however, he was not totally satisfied with the results and he was, again, 
reviewing the sorting and aligning operations. 

Manufacture of Rings 

Approximately 3,000 gross of rings were sold monthly. 
They were manufactured in the following manner: First the rings were 
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coiled on a lathe. Heavy spring steel wire was wound around a spinning 
shaft (diameter 0.840 inches). The wire was wound in such a manner 
as to produce a long coiled tube, like a spring except that there was no 
space between successive loops. This “spring” was then fed into a press 
which cut each loop from the tube, thereby turning each coil into a 
separate ring. The cutter was designed so that the natural spring of the 
steel (which was under stress from the coiling operation) would snap the 
two severed ends into perfect alignment as soon as the loop had been 
freed from the “spring.” Mr. Vaman said that, in actuality, only 50 per 
cent of the rings were acceptable at this point, and that 50 per cent were 
not properly aligned (see Exhibit 1). 

After the rings were sent to be plated, they were moved in large 
boxes to the aligning operation, where the defective alignment was correct¬ 
ed. Four men worked on the aligning operation. They would grab 
large handfuls of rings from the boxes and dump them onto their benches. 
Then, with small hand pliers, the operators squeezed together the ends 
of each ring, to make sure that they were aligned. The straightened rings 
were tossed into large boxes, and were then ready for the sorting opera¬ 
tion. In preparation for plating, the rings were tumbled, and about 10 per 
cent of them became interlocked. When the aligners found such interlocked 
rings, they tossed them aside, but many became mixed with the straight¬ 
ened rings. Eventually when someone had spare time, the tangled rings 
were separated and sent again through the aligning operation. The base 
rate of pay of the aligners was Rs. 2.34 a day. However, they were on 
an incentive plan, with a task of 45 gross per eight-hour day per man. 
The group was treated as a unit, and each man’s pay for a particular day 
was increased in direct proportion to any excess production for the day 
over 180 gross (4x45 gross). Mr. Vaman said that the standard had been 
set on the basis of past observation and that it probably was too loose, 
since each of the aligners completed close to 60 gross rings per day. 

Revised Method of Sorting 

The revision of the sorting operation which Mr. Vaman had 
implemented is shown in Exhibit 3. The sorters replenished the two bins 
on each side of their tables when they needed rings. They were located 
within 10 feet of the aligning operation, and generally walked back and 
forth from their stations to the aligners’ benches, transferring handfuls of 
rings to the bins until they had a full supply. Then they went back to 
sorting. The filling of the bins usually took five minutes. A production 
standard of 90 gross per eight-hour day per sorter had been set, but each 
man sorted between 115 and 120 gross per day. The base rate for this job 
was Rs. 2.50 a day. Like the aligners, the sorters were paid a group incen¬ 
tive which increased their pay in direct proportion to any increase in daily 
output over standard. 


86 


PRODUCTION MANAGEMENT—TEXT AND CASES 


Mr. Vaman said that BEC had started manufacturing rings three 
years ago (two years before he had joined the firm). The method then em¬ 
ployed was similar, requiring both the aligning and the sorting operations. 
However, rings were sorted into five sizes, using a fixture similar to that 
shown in Exhibit 3. The fixture contained five holes, each successive 
hole being bigger than the preceding one. The operator would select a 
ring and try it in the smallest hole. If it did not go through, he would 
try the next opening, etc. If it fitted through none, he would throw it 
aside. When he had originally examined the operation, Mr. Vaman 
noticed the fact that the critical dimensions of the ring as specified by all 
of BEC’s regular customers were: (1) an outside diameter (OD) of 
1.136"-1 155"; and (2) alignment within 0.032". He, therefore, decided that 
it was unnecessary to sort the rings into five sizes. Applying a methods 
improvement principle that symmetrical, two-handed work is more effi¬ 
cient than one-handed operation, Mr. Vaman re-designed the fixture and 
changed the method to that shown in Exhibit 3. The two fixtures cost 
less than Rs. 100 each, as scrap materials were used which were lying 
around the shop. The aligning operation was left unchanged. 

Aligning 

Mr. Vaman said that the aligning operation was required 
because of poor materials. With the proper spring steel, the cutter in the 
press would slice through the wire neatly, and the spring in the wire would 
be enough to align the ends within the allowed limits. The cutter, which 
cost Rs. 50, was supposed to be good for 25,000 pieces before it needed 
grinding. The grinding could be performed in the company’s tool room 
in 10 minutes, and each cutter could be re-ground about 25 times. 
Although BEC was following the manufacturer’s recommendations, the 
variation in the hardness of the wire was very great and, as a result, the 
cuts were not always clean, and the burrs that were left on the cut edges 
caught against one another and prevented the rings from snapping back 
into proper alignment. 

Mr. Vaman attributed to several factors the variation which made 
sorting necessary. He said that the mandrel diameter was not perfectly 
uniform. Mandrels were made in the tool room at a cost of about Rs. 100, 
but the grinding equipment BEC had was not capable of grinding a uni¬ 
form shaft. As a result, several spots might be somewhat larger than 0.840". 
The hardness and the amount of spring in the wire varied greatly, and 
this affected the ring diameter. Added to this was the variation in the 
machine’s operation; speed of rotation had a slight tendency to vary, and 
the centre of the rotating mandrel would shift a small amount. Further¬ 
more, the wire diameter varied within a ±0.004" range. 
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The Finished Product 

Mr. Vaman had studied the measurements of the finished 
product and had found that 80 per cent of production fell within the spe¬ 
cified (1.136M. 155*) range. Less than £ per cent was within the 
1- 156*-1.250* range, and almost 20 per cent of the output measured 
below 1.135*. A negligible portion was above 1.250*. The selling 
price for the desired tolerance group was Rs. 3.25 per gross. Rings 
below 1.135* and those in the upper tolerance range (1.156*-1.250*) 
could be sold for the same price, but expense had to be incurred to find 
buyers, and production output had to be accumulated on the floor over 
a long period before a saleable lot size was collected. Mr. Vaman said 
that, frequently, by the time these lots had been gathered, rings had 
become mixed up and re-sorting was necessary. 

Operators Stick to Their Old Ways 

An observation of the operators’ use of the sorting tables 
revealed that Mr. Vaman’s original idea of a two-handed operation using 
duplicate holes was not being followed. One operator used one hand for 
sorting and, with the other, rested his elbow on the table and propped 
up his head. The second man used two hands, but worked from one 
bin and used only one set of holes on one end of the table. The two men 
appeared to work at about equal speed, but a brief study showed the one- 
handed operator to be slightly faster. Mr. Vaman said that he had briefly 
explained the use of the fixture to the sorters when he assigned them to 
the new method, but he did not go into much detail as they had already 
been using a similar fixture for two years. Shortly thereafter, when he 
saw that they were not using the fixture as he had intended, Mr. Vaman 
discussed the use of two hands with the operators, but he said that they 
had shown him that it really did not make much difference whether they 
worked with one hand or two, since their output was the same under either 
procedure. He therefore agreed to let them continue as they were doing. 

Possible Changes 

Mr. Vaman was disappointed with the results of this 
set-up. As the level of manufacture of these bobbin rings was expected 
. to increase, he was anxious to secure the most efficient and least costly 
method of manufacture. He was not satisfied with the aligning operation 
and believed that there must be a better way to perform the sorting. One 
idea that had occurred to him in regard to aligning was to assign men to 
the operation who would pre-inspect the rings for proper alignment. 
Since the alignment of approximately 50 per cent of the rings was accept¬ 
able when the rings left plating, this would cut down the amount of hand¬ 
ling that the men with the pliers would have to do. The rings which 
passed this inspection could go right to the sorters. He was also consi. 
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dering changing the shape of the sorting holes. Instead of using circular 
holes, rectangular holes could be used. These holes would be as long as 
the diameters of the present holes, and just wide enough to accept only 
those rings which were properly aligned. The non-aligned rings would 
then go to the aligners, thereby combining the pre-inspection and the sort¬ 
ing operation into one. 

The manufacture of rings was very profitable for BEC. Mr. Vaman 
said that the costs per gross were Rs. 80 for direct labour and materials 
and Rs. 1.70 for overhead (computed on the basis of Rs. 40 per man-day 
of direct labour required), yielding a profit of 75 paise on the sale of 
every gross. He was anxious to improve the manufacturing process, but, 
at this point, had not yet decided what to do. 


Exhibit 1 


BRIGHT ENGINEERING CO. (A) 
Rings 



MADE FROM STEEL WIRE OF 
DIAMETER 0.125'a; 0.00411 


DEFECTIVE RING 
BEFORE ALIGNING 


CORRECT RING (OR 
C 111 J DEFECTIVE RING 
AFTER ALIENING) 



3 RINGS TO EACH BOBBIN 

ALL OF THE SAME OUTSIDE DIAMETER 
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Exhibit 3 

BRIGHT ENGINEERING COMPANY (A) 
Sorting Operation 


12*--p-21*--j--«- 



Hole Size 

A = 1.135 diameter 
B = 1.155 diameter 
C = 1.250 diameter 


Present Operation 

1. Operator loads both bins with rings. 

2. Seated behind table, operator takes one ring 
in each hand (from each of the bins) and 
places in the two “A” holes. 

3. If rings do not drop through, he places in 
the two “B” holes. 

4. If one or both still do not fit, he moves to 
the “C” hole. 

5. If either still does not fit, he discards (usually 
on the floor—to be swept up by sweeper). 

6. When buckets are full, he dumps into large 
boxes. 











































VASANT INDUSTRIES (A) 


In January 1966, Govind Das, manager of Vasant Indus¬ 
tries, was considering the action he should take to improve the producti¬ 
vity of the company’s recently purchased 150-ton hydraulic press. This 
press had been installed to increase production of rubber rings. A subs¬ 
tantial order had been received, and even with the new machine the com¬ 
pany believed it would be hard pressed for capacity to meet the order 
requirements. 


Company History 

Vasant Industries was a small scale manufacturing com¬ 
pany, established in 1930 in what is now Gujarat State. It employed 23 
persons including the manager and a chemist. The firm manufactured 
a variety of rubber products with approximately 60 per cent of rupee sales 
volume derived from the replacement of rubber surfaces on textile rollers. 
The remainder was attributable to a large number of small rubber parts 
which were manufactured to specific customer orders. The total turn¬ 
over in 1964-65 was approximately Rs. 1,25,000, on which the company 
earned a before-tax profit of Rs. 27,500. The firm could work Mondays 
through Saturdays, but for only two shifts; these corresponded to the 
working hours of a large adjacent textile mill from which Vasant purchas¬ 
ed its steam and electricity requirements. 

Order for Rubber Rings 

In the middle of 1965, Vasant was asked by a manufac¬ 
turer of cement pipes if the company could produce a small quantity of 
rubber rings. These rings were to be tested for use as seals between the 
pipe joints. Vasant produced the rings to the customer’s satisfaction, 
and when the pipe company’s field tests proved the rings to be satisfactory 
an order was placed for supply at the rate of one lakh of rings per month 
for the six month period starting January 1, 1966. The company was 
required to deliver the one lakh rings during the first week following the 
close of the month. The customer indicated an expected increase in the 
need for such rings over the next several years, and stated that, as long as 
Vasant met quality and delivery requirements, and as long as there were 
no price increases, it could look forward to expanding orders. 

The derivation of the prices charged by Vasant is shown in Exhibit 1. 
Mr. Das said that this was typical of the pricing procedure and per¬ 
centages used. Mr. Das had made only a rough estimate of the labour 
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time because he did not know how long it would take to perform the 
necessary operations. The particular rubber mixture required was some¬ 
what different from any the company had used before. He had no diffi¬ 
culty in computing the size of the rings and the volume of material re¬ 
quired. The overhead figure was standard for all products produced by 
Vasant and had been given to Mr. Das by the proprietor. Average monthly 
indirect costs for the year 1964-65 are presented in Exhibit 2. After 
the figures had been worked out by Mr. Das and the proprietor, they 
remembered certain expenses which had been omitted (such as wastage 
of material, special shipping containers requested by the customer, etc.), 
and Rs. 11 were added to take these into consideration. They then nego¬ 
tiated with the customer and were actually able to settle for a higher 
figure than their calculations had led to: Rs. 375 per thousand. The 
original calculations were never made available to the customer, and as no 
re-negotiation of price had been asked for when the large order had been 
placed, Mr. Das thought the price would be acceptable in the future. 

Manufacturing Process 

When the initial order was placed, manufacture of the 
rings was performed on hand presses. The process started by mixing the 
rubber compound with a number of chemicals. The blending took place 
in a small motorized mixer which had a capacity of 35 lb. Approxima¬ 
tely 30 to 40 minutes were required to mix 35 lb. Since one of the che¬ 
micals was difficult to work with and left a residue which was very diffi¬ 
cult to clean up, and since this residue would contaminate any other rubber 
mixtures used in other products, Mr. Das had assigned one mixer to the 
job. This piece of equipment was not used for any other work, nor were 
any of the other mixers used for ring manufacture. 

Once the mixing was finished, the batch was placed in an extruder, 
and the rubber was formed into long bars, of circular cross section. The 
extruder’s capacity was approximately 35 lb. per hour. The company 
had one extruder as of January, 1966. 

The extruder rods were cut into the desired lengths and the ends 
were joined together to form a ring four inches in diameter. These rings 
were then placed in a mould which was inserted in a steam-heated hand 
press. The mould had four cavities to accept four rings. The presses 
were then closed and the rings were vulcanized under a pressure of 2,250 
lbs. per square inch. The recommended curing time, as calculated by the 
company chemist, was five minutes. Production from a hand press ave¬ 
raged 200 rings pei* press per shift (7.5 hours’ operation). Persons employed 
to operate the presses were different from those employed for operating 
the mixer and extruder. 

The cured rings, upon removal from the press, were allowed to cool 
for approximately one hour. They were then trimmed and polished by 
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an operator working at a grinding wheel, inspected, and placed in con¬ 
tainers for shipping. Approximately 10 per cent of the rings were rejected, 
mostly because they had been over-cured. 

Hydraulic Press Acquired 

When the new order had been received, Mr. Das asked 
for a hydraulic press. Six hand presses were available for use on the job, 
but three were in such poor condition that Mr. Das said they would fail 
any day. He also thought they were beyond repair. The dies used in 
the three old presses were worn out. New hand presses would cost 
Rs. 3,000 each, but Mr. Das thought that the high volume anticipated 
more than justified the hydraulic press. With considerable difficulty, 
he persuaded the proprietor to invest Rs. 36,000 in the new press, and 
Rs. 2,000 in 10 sets of dies. A die set constituted top and bottom halves 
with four cavities, to produce four rings per cycle. 

The primary differences between the hydraulic press and the hand 
press were in the manner of applying pressure and the capacity of the 
machines. The hydraulic press was operated by an electric motor which 
operated a pump, which in turn produced the required pressure. Pressure 
was applied in the case of the hand presses by manually turning the handle 
on a large screw. In both cases, the operator still had to decide when 
to stop the curing activity. While the hand press would take only one set of 
four cavity die, the hydraulic press had a series of shelves, each 27" X14'X 2' 
thick (see Exhibits 3 and 4 for diagram of both the press and a die half). 
Each shelf was hollow, and was heated by steam circulating through at 
a pressure of 25 lb. per inch. The press contained five such shelves, each 
with a clearance of two and a half inches from the bottom of the next 
higher shelf. The top shelf was located approximately four feet from the 
floor. When the press was activated, the shelves were squeezed together, 
compressing the dies placed between them. 

The dies designed by Mr. Das contained four cavities. Each die 
half was 10 inches square, three-fourths of an inch deep and weighed 6.5 
lb. The operators placed two dies on each shelf, giving a total of eight 
rings per shelf, or 40 rings per machine cycle. The shelf and the design 
of the die did not permit using more or larger dies in the shelf. 

The hew press was installed and ready for operation in the middle 
of December, 1965. As Mr. Das had predicted, three hand presses had 
been scrapped between July and November. The three press operators 
who had worked the scrapped machines were then assigned to the new 
hydraulic press. Once the machine had been set up, Mr. Das spent a day 
instructing them about its operation. 

Exhibit 5 presents a layout of the work place. Tables T1 and T2 
were each one and a half feet high and were used in the manner described 
below: The pieces of rubber which were cut from the extruded bars were 
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placed on table T1 along with a container of the joining solvent. The 
operators would squat on the table, dip the ends of the cut rubber rods 
into the solvent, and join them together, holding them for a few seconds 
until they held firmly. When they had accumulated a small supply, the 
operators would stack the rings on table T2. Ring making employed 
only two operators at any one time, except at the beginning of the shift 
when all three operators joined in. At the start of the shift, one operator 
brought about 200 pre-cut rods. The supply was replenished at intervals 
by one of the operators during the curing periods. A ring was made in 
about five seconds. It took one man approximately two minutes to 
stack 50 rings. 

When the operators determined the material already loaded into 
the machine to be properly cured, one operator turned off the press. This 
caused the shelves to separate. A moving platform (3rxl6*) which 
was mounted in front of the press was raised to the level of the first shelf. 
This was done by the second operator, who adjusted the height of the shelf 
by turning a wheel located on the side of the press. The third man used 
an “L” shaped rod to pull the two hot dies from the shelf and slide them 
on to the moving platform. He was then joined by the first operator to 
whom he passed one set of dies. Both men pried open the halves of their 
dies, using a sharp piece of metal. The operators used rough pieces of 
rubber to handle the hot dies, and were careful not to let any part of their 
hands touch the platform, as it became very hot from contact with the 
dies. The cured rings were pulled out and thrown into ring collection 
boxes. The operators then picked up the uncured rings from table T2 
and fitted them into the grooves in the bottom halves of the dies. The 
upper halves of the dies were then placed on top, lifted and placed on the 
platform and were then pushed back into the shelf. The platform was 
then raised to the next level, and the process was repeated. When all 
five shelves had been unloaded and re-loaded, the press was activated 
again. 

Some delays introduced in the loading and unloading operations 
were caused by cured rings sticking in the dies, or by uncured rings not fitting 
properly in the grooves. In the case of the former, the operator, pried 
the rings out of the grooves by hand. In the case of the latter, he would 
try to stretch or force the rings into the cavity, also by hand. 

On examining the operation of the machine, Mr. Das observed that 
all operators continually changed jobs, and the only thing that determin¬ 
ed who did what was the place a man happened to be standing in when 
it became necessary to do something. However, during the curing periods, 
one of the operators always went outside the room to rest, and the 
operators took turns so that they could get away from the heat of the 
machine and the smell. They also went outside to smoke since no smok¬ 
ing could be permitted near the solvents used in the operations. In 
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most instances the press was not turned off until the “restec’ returned so 
that all three men were available to unload and re-load. 

Ten days after the operators had started working the hydraulic 
press, Mr. Das made some rough observations of the times taken by the 
operators to perform the various operations. These are given in Exhibit 6. 
Mr. Das thought it would be useful to know how much time was involved, 
in case the customer ever wanted to re-negotiate price for future orders. 

The operators on the hand press received an average of Rs. 110 per 
month (all inclusive). Two days earlier they had come to Mr. Das and 
demanded a fifty per cent increase in their wages. They cited the increased 
work-load in operating the hydraulic press (evinced by their higher output) 
as the reason for their demand. 


Exhibit 1 


Calculations for Quotations on Original Ring Orders (Size B) 
Per Thousand Rings 


Rs. 

Cost of rubber and compound (200 lbs.) 200.00 

Direct Labour—60 man-hours at 55 P. per hour 33 00 

Overhead (@ 200 per cent of D.L.) 66 00 


Profit (20 per cent) 


299.00 

59.80 


Total 358.80 

Misc. Expenses 11.00 


Corrected Total 


369.80 


Quotation Price Rs. 380 

Final Settlement Rs. 375 


Exhibit 2 

Average Monthly Overhead Charges for the Year 1964-65 


Rs. 


Power and steam 

75.00 

Depreciation on machines 

nil 

Indirect labour 

1400.00 

Salary of manager and chemist 

1000.00 

Maintenance 

100.00 

Office and other expenses 

500.00 


Total 


3075.00 
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Exhibit 3 

VASANT INDUSTRIES (A) 
Diagram of the Hydraulic Press 
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Exhibit 4 

VASANT INDUSTRIES 
Design of One Half of a Die 



- 10 - 

Not to Scale 
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Exhibit 5 

VASANT INDUSTRIES 
Lay Out of Work Area 


O Press Motor and Switch 


O Operator-1 



20 * 


10 


0 


O Work Station 
20 * 
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Exhibit 6 


Mr. Das's Observation on Operation Times 


Details of operation for a complete 

Normalised time in centiminutes for 
each of the six cycles observed 

Operator/s 
doing the 
job — opera¬ 
tor number * 



1 

2 

Cycle Number 

3 4 

5 

6 

1 . 

Walk to motor switch, stop 
press and walk back 

38 

35 

34 

36 

35 

36 

1,2 or 3 

2. 

Adjust platform to 1st shelf height 16 

17 

15 

16 

15 

17 

3 

3. 

Pull out two sets of dies on to 
platform 1 ** 

18 

19 

18 

17 

18 

19 

1 or 2 

4. 

Pick up and place dies on table 
T2, open dies and remove cured 
rings*** 

45 

50 

35 

50 

45 

50 

1 and 2 

5. 

Load dies with fresh rings, pick 
up and place on platform*** 

40 

30 

30 

35 

30 

38 

1 and 2 

6. 

Push dies from platform to 
press shelf** 

16 

17 

16 

15 

18 

18 

1 or 2 

7. 

Adjust platform to 2nd shelf height 15 

16 

16 

17 

16 

16 

3 

8. 

Same as 3 above 

18 

17 

18 

20 

17 

17 

1 or 2 

9. 

Same as 4 above 

40 

50 

40 

50 

40 

45 

1 and 2 

10. 

Same as 5 above 

35 

30 

25 

32 

30 

28 

1 and 2 

11. 

Same as 6 above 

14 

14 

13 

15 

14 

14 

1 or 2 

12. 

Adjust platform to 3rd shelf height 

16 

15 

16 

16 

17 

16 

3 

13. 

Same as 3 above 

17 

16 

17 

18 

17 

17 

1 or 2 

14. 

Same as 4 above 

45 

48 

42 

45 

40 

49 

1 and 2 

15. 

Same as 5 above 

27 

28 

34 

28 

29 

32 

1 and 2 

16. 

Same as 6 above 

16 

17 

16 

16 

16 

16 

1 or 2 

17. 

Adjust platform to 4th shelf height 15 

15 

14 

15 

16 

15 

3 

18. 

Same as 3 above 

17 

17 

16 

17 

17 

17 

1 or 2 

19. 

Same as 4 above 

30 

35 

38 

40 

35 

45 

1 and 2 

20. 

Same as 5 above 

30 

35 

30 

26 

31 

28 

1 and 2 

21. 

Same as 6 above 

17 

17 

17 

16 

18 

19 

1 or 2 

22. 

Adjust platform to 5th shelf height 17 

16 

15 

16 

17 

17 

3 

23. 

Same as 3 above 

15 

16 

17 

16 

17 

16 

1 or 2 

24. 

Same as 4 above 

37 

45 

36 

45 

42 

46 

1 and 2 

25. 

Same as 5 above 

30 

36 

26 

31 

28 

32 

1 and 2 

26. 

Same as 6 above 

15 

16 

16 

16 

15 

16 

1 or 2 

27. 

Walk to motor switch, start 
press and walk back 

36 

37 

40 

40 

41 

40 

1,2 or 3 


Curing time (mts.) 

6.5 

8.5 

7.0 

8.0 

6.5 

8.0 


* These designations are arbitrary and were just assigned to allow Mr. Das to 
distinguish the three men from each other. The numbers contained in the last column 
do not represent job assignments but only the relationships which Mr. Das observed during 
his study. 

**(a) Although the working area and the press permitted working by two persons, 
one operator worked at a time, the two of them alternating for different sets of dies, i.e., 
if operator No. 1 removed loaded the die from/in shelf number 1, operator No. 2 would 
remove/load from/in shelf number 2. Next, operator 1 would remove/load dies from/in 
shelf No. 3 and operator 2 from/in shelf No. 4 and so on, thus sharing this load equally. 

(b) While removing of dies as well as while loading, the platform had to remain 
adjacent to the shelf height. 

•** Both operators worked simultaneously, one on each set of die. The time noted 
was for the limiting one, i.e., one which took the largest time. 








DAVIS, LUCAS AND COMPANY 


In December, 1959, the production manager of Davis, 
Lucas and Company was considering ways of increasing the production 
of one of their fast moving products, a baby food. Orders were pending 
for a considerably greater quantity than the average monthly production 
of 36,000 units, and something had to be done. 

Company’s Background 

The DLC, a medium-sized manufacturer of ethical phar¬ 
maceuticals and food products, was established in 1950 and since then 
had earned a reputation for high quality products. There were two manu¬ 
facturing units, one at Calcutta and the other at Bangalore to each of 
which sales offices were attached. Branch sales offices in various places 
in India stocked the company’s products and distributed them to chemists 
on order. Company representatives called on medical men and visited 
chemists’ shops according to a schedule. 

The Bangalore Plant (Exhibit 1) 

In the Bangalore unit the company concentrated on the 
manufacture of the four fastest moving items—two tonics, a biscuit, and 
a baby food. 

The operations were housed in two similar single-storeyed structures 
with a three-storeyed building in between. One single-storeyed building 
housed the administration office, part of the raw and packing materials, 
and the biscuit manufacturing section. The other building housed the 
tonics manufacturing and packing sections, a part of the raw and packing 
materials, and a sales godown. The first floor and part of the ground 
floor of the central building constituted the baby food section. A testing 
laboratory and intermediate manufacturing section were also housed in 
this building. 


Baby Food Section (Exhibit 2) 

The baby food was a mixture of two ingredients—a carbo¬ 
hydrate product and milk, both in powder form and in equal propor¬ 
tions by weight. Carbohydrate powder was manufactured in the plant 
from maize which had been ground and cooked. Thereafter the solution 
was filtered in a filter press and concentrated to the optimum specific gra¬ 
vity in an evaporator. The concentrated solution was dried in a drum 
drier and then powdered. The drum drier which worked two shifts per 
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day and six days a week was an important machine in the manufacturing 
process and cost about Rs. 2 lakhs. The maize processing department 
worked only one shift of seven hours per day to produce the solution 
required for two shifts of drum drier working. The drum drier had 
a capacity of producing 550 kg. (1 kg.=2 2 lb.) of the product in three 
shifts. But in December, 1959, it was working only two. shifts, for the 
product accumulated in stock when the drier was worked to capacity. 
The carbohydrate was an extremely hygroscopic powder and was stored 
in tightly closed galvanised iron drums of 60 kg. capacity in room one. 
Filled drums were stored on the ground floor of the three-storeyed building. 

Milk powder was obtained from the market in 25 kg. tins and stored 
in rooms five and six on the first floor. 

The baby food mixing and packing departments worked in two shifts 
of seven hours each. Three thousand units in six lots of 500 each were 
produced on alternate days. Cleaning and preparation for work were 
done on the days in between, and Sunday was a holiday. The mixing and 
packing operations were performed in clean, sterile and aircondilioned 
rooms. The baby food was packed in round metal containers of one 
pound capacity. 


Mixing Baby Food (Exhibit 3) 

The first step in the mixing process was sieving the ingre¬ 
dients through a mechanical sieve and collecting them in stainless steel 
drums. After weighing, the ingredients were transferred to a mechanical 
rotary mixer C with a working capacity of 550 lb. per mix and worked 
by two operators. Just the mixing operation required one hour irres¬ 
pective of the quantity fed in each mix. After mixing, the lot was emp¬ 
tied through a slide door into the hopper of the filling machine D (see 
Exhibit 4) directly below in the filling and packing room. The process 
of charging the mixer, mixing the ingredients, and emptying took an hour 
and twenty minutes for one batch. While this was being done, the work¬ 
ers in the mixing room prepared the ingredients for the next lot. This 
35 minute operation was carried out in an airconditioned room by workers 
in sterilised uniforms. 

The manager insisted on proper cleaning of rooms and equipment 
irrespective of the number of lots made in a day. So, on alternate days, 
the mixing room was cleaned with jets of water and the equipment with 
steam by the two operators from the first shift. They were then swabbed 
with a dry cloth by the same people and thoroughly dried by the aircon¬ 
ditioning. This took approximately eight hours (seven hours of first 
shift and one hour of second shift), but the production manager felt that 
the entire process could be done in one shift. Since the airconditioning 
plant was working only in the first two shifts cleaning and mixing had to 
be done then. There was no third shift since the manager thought that a 
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third shift would place too much strain on the airconditioning plant. The 
two mixing room operators working in the second shift kept the materials 
ready for the next day. This task plus autoclaving the utensils kept the 
two operators completely occupied for the remaining six hours. 

Filling and Packing Baby Food (Exhibit 4) 

On days when there was no mixing or filling, cleaned, 
empty containers were stacked in the filling room on table T x with their 
open ends down, to avoid dust which might collect overnight. Tins were 
stacked to a height of 3 V above the 2i' table. While the powder was being 
received from the mixer, the filling machine operator started the machine 
D and performed the cycle of operations shown in Exhibit 5. The machine 
delivered 1 lb. of powder every six seconds. 

Of the five operators in the filling and packing room one man help¬ 
ed the filling machine operator by removing parchment paper bags from 
the bundles on table T 4 , and opening them so that they could be held 
directly under the machine. The helper took 1.5 seconds to keep each paper 
bag ready. Two people, on either side of the work table T 3 folded the 
open end of each filled paper bag and inserted it in the metal container 
into which plastic measuring spoon had already been placed. The con¬ 
tainers were then pushed along the work table to the side of the man (SJ 
operating the sealing machine (S). He sealed the tins and placed them 
on table T 2 to his left. When about 20 tins had accumulated, the filling 
machine helper went over to table T 2 and stacked the containers as they 
came from sealer. Filling and packing 500 lb. took 85 minutes. 

When the packing of a lot was completed, all the five men removed 
empty tins from the stack on table T x inverted them, put a spoon m each 
and placed them on work table T 3 with their open ends up. This took 
35 minutes for 500 tins. The crowding of table T 3 with 500 tins ham¬ 
pered the work of the folding operators. 

Sealed containers which had remained overnight on table T 2 in the 
filling room were dusted by the checker on the following morning. The 
checker who worked only on cleaning days, verified the batch number and 
the expiry date (one year) at the bottom of the tins, and looked for possi¬ 
ble defects. One of the five normal workers helped him to put the check¬ 
ed tins inside boxes which were then sealed. It took five hours to check and 
pack 3,000 tins. 

Empty metal containers in bundles of 40 were stacked in a line shown , 
as ‘E’ on the floor of room 3 in Exhibit 4. The filling room workers 
brought these tins on non-filling days from the raw materials section locat¬ 
ed in the rear of the single-storeyed building on the left (Exhibit 1). Each 
man carried 80 tins at a time, cleaned them with a dry cloth and stacked 
them on table T 5 . The men also helped the mixing people to carry the 
carbohydrate powder to the first floor. 
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The tins were removed from there by two men, each carrying 100 
tins at a time in a bag and again stacked on table T x of the filling room by 
the other three men. 

So, in practice, for three hours five men brought packing materials 
such as tins, spoons and tin bottoms from the raw and packing materials 
section, and four men cleaned tins for six hours and transferred them for 
four hours on the days when there was no filling. The filling machine 
operators cleaned the room and the machine for 10 hours. 

The workers were paid at the following rates: 



No. 


Pay 

Mixing room operator 

2 

Rs. 

5 per shift 

Filling room operator 

4 

Rs. 

4.50 per shift 

Filling machine operator 

1 

Rs. 

6 per shift 

Other help (casual workers) 


Rs. 

3.50 per shift 

One Asst, supervisor 


Rs. 

10 per shift 


Two shifts worked from 

7.00 a.m. to 2.30 p.m. 
2.30 p.m. to 10.00 p.m. 


The Flow Process Chart is given in Exhibits 6 and 7. 


Exhibit 1 

DAVIS, LUCAS AND COMPANY 
Layout of the Bangalore Plant 
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Exhibit 2 

DAVIS, LUCAS AND COMPANY 
Layout of Baby Food Section 
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Exhibit 3 

DAVIS, LUCAS AND COMPANY 
Layout of Mixing Room 



A - SCALE 
B - SIEVE 
C - MIXER 
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Exhibit 4 

DAVIS, LUCAS AND COMPANY 
Layout of the Filling Room and the Container Room 



T, - CLEANED 
1 CONTAINER 
STACK 

To - SEALED 

CONTAINERS 

STACK 

T^ - FOLDING , 
OPERATORS 
TABLE 

T 4 - PARCHMENT 
BAGS STACK 

T 5 - CLEANED 
CONTAINER 
STACK 


D -FILLING MACHINE 

E -EMPTY TIN STORAGE 

Fi -FILLING MACHINE OPERATOR 

FO - FOLDERS 

S -SEALING MACHINE 

S t - SEALING MACHINE OPERATOR 
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Exhibit 5 

DAVIS, LUCAS AND COMPANY 
Left Hand-Right Hand Chart 


Dis¬ 

tance 

Job 

No. 

Left Time in 

seconds 

Dis¬ 

tance 

Job 

No. 

Right 

Time in 
seconds 


1 

Idle 

; 2ft. 

1 

Grasp the open 
paper bag and 
transport it - to 
the mouth of 
the machine 

i 

sec. 


2 

Idle 


2 

Insert the bag 
in the machine 

1.0 

sec. 


3 

Hold the top 2.5 
of the bag, sec. 
to receive the 
powder* 


3 

Hold the bot¬ 
tom of the bag 
to receive the 
powder 

2.5 

sec. 


4 

Remove the 0.5 
bag containing sec. 
powder from 
the machine 


4 

Idle 


2 ft. 

5 

Transport it to 1 

the work table sec. 


5 

Idle 



* The dropping of the powder into the bag took about one second. 
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Exhibit 6 

DAVIS, LUCAS AND COMPANY 
Process Chart 


NAME OF OPERATION: PREPARATION FOR FILLING 

PART NO. :. 

OPERATOR :. 

PRESENT : 

PROPOSED : 


DATE: 
TIME : 

WORKING CONDITIONS. 


o 


□ 

D 

V 

DESCRIPTION 

DISTANCE 

REMARKS 





RAW & PACKING MATERIAL SECTION 




< 




BROUGHT TO ROOM NO .3 

50 FT 





> 


WAIT UNTIL THE TRANSFER TO E IS COMPLETED 








TAKEN TO TABLE T 4 

A FT 


< 





CLEANED WITH CLOTH 




> 




TAKEN TO ONE END OF TABLE 

2 FT. 







STACKED WITH CLOSED END UP 






> 


WAIT UNTIL CLEANING COMPLETED 








PUT IN CLOTH BAGS 




> 




CARRIED TO FILLING ROOM 

30 FT. 


"7 





STACKED ON TABLE Tl WITH OPEN END DOWN 






> 


KEPT OVERNIGHT 








INVERTED AND INSERTED A SPOON 




> 




TAKEN TO WORK TABLE T 3 

8 FT. 


<j 





STACKED ON WORK TABLE 








MOVED TO OPERATOR'S REACH FOR FILLING 

1 FOOT 









REMARKS: 


ANALYST 


SUMMARY 


NO. OF OPERATIONS 

TRANSPORTS 

STORAGE 

DELAY 

INSPECTION 


PRESENT 


PROPOSED 


DIFFERENCE 
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Exhibit 7 

DAVIS, LUCAS AND COMPANY 
Process Chart 


NAME OF OPERATION: 

PART NO. I. 

OPERATOR :. 

PRESENT I 
PROPOSED : 


MIXING FILLING AND PACKING 
OF BABY FOOD 


DATE: 
TIME : 

WORKING CONDITIONS. 


o 


□ 

D 

V 

DESCRIPTION 

DISTANCE 

REMARKS 

\ 





SIEVED IN MECHANICAL SIEVE 




> 




TRANSPORTED TO BALANCE 

10 FT. 







WEIGHED 




> 




TRANSPORTED TO MIXER 








CHARGED IN MIXER 



\ 





MIXED IN MIXER 




T 




EMPTIED FROM MIXER TO FILLING MACHINE 

2 FT. 


< 





FILLED IN PAPER BAG 




y 




TRANSPORTED TO TABLE T 3 



< 





INSERTED IN CONTAINER 




> 




PUSHED TOWARDS SEALER 



< 





SEALED WITH BOTTON LID AT SEALING MACHINE 




v 




MOVED TO TABLE T 2 





■V 

> 


WAIT FOR STACKER 



< 





STACKED ON THE TABLE T 2 






> 


STORED OVERNIGHT 



< 





CLEANED 





> 



INSPECTED 








PACKEO AND SEALED 








MOVED TO GODOWN 










REMARKS 


ANALYST 


SUMMARY 


NO OF OPERATIONS 

TRANSPORTS 

STORAGE 

DELAY 

INSPECTION 


PRESENT 


PROPOSED 


DIFFERENCE 
























































THE OUTSTANDING PRINTING COMPANY 


The Outstanding Printing Company was a small but well- 
known concern, specializing in the manufacture of pamphlets, brochures, and 
paper-bound booklets. Most of the company’s orders were placed by insti¬ 
tutions such as schools, government health services, etc. Jobs were usually 
for large runs of inexpensive materials which were distributed free, or at 
nominal prices, by the customers. Outstanding was owned and managed by 
B. K. Rami, who also looked after sales and accounting. His nephew, 
S. V. Rami, was production manager. 

Nature of Business 

Outstanding’s business was seasonal, with approximately 60 
per cent of total yearly deliveries requested between the months of October 
and March. Orders usually specified delivery within 30 days, but occasion¬ 
ally, orders were placed two to three months in advance. 

Competition was very keen for the type of work done by Outstanding. 
Quality was only a secondary consideration, and customers were primarily 
interested in low costs and rapid delivery. Consequently almost any print 
shop could enter the field, and most of the larger shops which specialized 
in high quality printing would also take on such jobs as fill-ins. To meet 
competition, Outstanding had purchased some of the finest high-speed 
printing equipment available, for the quality range desired. Outstanding’s 
prices were usually a little higher than most of its competitors. In a few 
cases, the high quality of the printing was a selling point; however, in most 
situations, Mr. Rami justified his higher price on the basis of rapid delivery. 
He also said that, although his operating costs were probably lower than 
those of his competitors, a higher price was justified to enable him to re¬ 
cover his investment costs as quickly as possible. 

A Job for Mr. Joliot 

In October, Mr. Rami attended a party where he met 
Mr. Joliot, the local director of an international health organisation which 
was very active in India. In the course of their conversation, Mr. Rami 
learned that the organisation was considering the distribution of a short 
note which would be addressed to village and block officials, and would 
describe better health practices. The note would be printed in several 
languages and would provide useful hints and practical steps to improve 
sanitary facilities and to eliminate a number of health hazards. Mr. Joliot 
said that he thought the note would be very helpful but that his organisation’s 
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limited budget would restrict distribution. Mr. Rami mentioned that he 
was in the printing business and asked Mr. Joliot to give him further details. 

The note would be short (about 15 pages). Offhand, Mr. Joliot 
thought that a cyclostyled or mimeographed copy would be suitable. 
Ideally, 200,000 to 250,000 copies would be distributed each month, starting 
in January, and running through August. 

At the end of the evening, Mr. Rami said that he would like to do the 
job for Mr. Joliot, and would charge only his out-of-pocket costs for the 
order. He made this offer for a number of reasons. For one, he believed 
that the work the organization was doing was commendable, and he was 
glad to be able to be of some assistance. Secondly, he thought that any 
publicity which Outstanding got from the publication would be very worth¬ 
while (Outstanding’s name, with an acknowledgement, would appear on the 
title page). He also thought that the work, extending through the slack 
months, would help keep his people busy. Even in his peak season, he was 
still operating at a level substantially below his full printing capacity. 
Furthermore, he did not think that the special price he was giving to the 
organization would present any difficulties in view of the fact that the job 
could be viewed as a public service, rather than as an attempt to cut rates 
to get business—especially since the order would be taken on in the middle 
of the industry’s busy season. Mr. Rami said that if Mr. Joliot would 
supply him with a copy of the proposed note, he would call Mr. Joliot 
towards the end of the week to give him the exact cost figures and to final¬ 
ize the order. 


Problem in the Collating Department 
The next day, during a talk with his nephew, Mr. Rami 
was apprised of the production situation. S. V. Rami said that there would 
be no special problems with the printing of the note, since he had sufficient 
capacity available. However, the collating department would present a 
problem, since scheduling was always very tight during the peak months. 
He believed that it would be impossible to free more than three men to 
work on the order. 

Mr. Rami had long before established a policy against hiring temporary 
workers. He did not think that they were very dependable, and he did not 
like to have to take their work away from them at the end of the busy season. 
He therefore asked his nephew to see whether or not the order could be 
handled with the use of only three collators, and to let him know what the 
maximum output might be. He also stated that he did not want to pur¬ 
chase any equipment for the job, especially since, during the slack period, 
he wanted to keep his workers busy and was not interested in spending 
money on labour-saving devices, only to have his employees develop lazy 
habits. He asked his nephew to give him an answer within the next few 
days, so that he could contact Mr. Joliot as soon as possible. 
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Collation 

Collating was normally done by a group of 35 workmen. 
Two types of printed sheets were generally used, single-sized, and double¬ 
sized. The single-sized pages, when put together, were stapled in the upper 
left-hand corner with hand staplers. The double-sized were pre-folded down 
the middle (by machine) and, after collation, were run through a stitcher 
which sewed them together along the centre crease. The double-sized 
sheets each gave rise to four pages, while the single-sized gave two (one on 
each side). In addition to the stitching machine (the folding machine was 
the press room), the collating room contained only a few tables and some 
chairs. These were generally used for temporary storage space, as the 
workers usually sat on the floor to put the pages together. The average 
wage rate, including all allowances, was Rs. 145 per month. 

When the note was received from Mr. Joliot, S. V. Rami set up a 
dummy copy, and decided that the best way to handle the job would be to 
print it on single-sized sheets (since his larger printing machines were fully 
scheduled) and to staple the pages together. A title page, plus 12 pages of 
written material would be required (Quarto size). This meant that seven 
sheets would have to be collated. 

Method and Time Study 

Having decided on using single-sized sheets he was now 
thinking of stipulating the best method of collating. After evolving the best 
method he also wanted to time-study the job with a view to be able to put the 
operators on a piece rate basis. His constraints were: 

(a) Expenditure on equipment or gadgets not to exceed Rs. 20; 

(b) Not more than three men to do the job. 

QUESTIONS 

1. Evolve different work methods. Give workplace layouts, and 
mention advantages and disadvantages of each. 

2. For the selected method time-study the job and set standards. 
Draw a multiple activity time chart and calculate achievable 
production and labour cost per pamphlet. 


THE SUPERIOR CEMENT COMPANY 


In March 1970, the manager of the Superior Cement 
Company (Superior) was reviewing the situation with respect to the rather 
low utilization of three locomotives which transported limestone from the 
quarry to the crusher at the factory. He was informed by the head office 
that a fact-finding mission was visiting the factory soon to find out what 
additional equipment may be needed in view of the company’s plans to 
expand its production capacity by about 30 per cent in the near future. 
The manager had to convince the head office that an additional locomotive 
was needed to meet the increased capacity requirement. On the other hand, 
if the factory could manage with one wagon less than the present three it 
could easily sell the surplus to a sister concern at nearly the market price 
which was higher than book value. 

In an effort to identify the problem, the manager and the production 
superintendent made surprise checks at the quarry work site, but were 
unable to detect any major flaws in the way the locomotives were being 
used. The man in charge of limestone transportation was then asked to 
submit a brief written statement of the ways in which duties were allocated 
to the locomotives. Exhibit 1 presents this data. 

Unsatisfied with his investigations, the manager asked Mr. Deshmukh, 
the methods engineer, to investigate the matter. Mr. Deshmukh had just 
completed a course on method study in which he had studied an analytical 
tool called the “Critical Examination Technique.” 1 He thought he could 
usefully apply this technique to the problem on hand. 

Manufacture 

Superior manufactured an average of 1,000 tons of cement 
per day using the “wet process.” The cement plant worked round the clock, 
all 7 days. Limestone quarried from a place four miles from the factory 
was conveyed by dumper trucks to tipping wagons which were then hauled 
by steam locomotives to the stone crusher at one end of the factory. After 
crushing, the limestone was conveyed by a belt-conveyor to a ball-mill where 
it was milled to a slurry. Tests were then conducted and any necessary 
consistency adjustments were made before feeding the slurry into a coal- 
fired rotary kiln. In the kiln the slurry was converted into cement clinkers 
which, when ground with the requisite amount of gypsum, became cement. 


1. See Chapter 5 for a description of the technique. 


Ill 
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Transporting Limestone 

Every day, 1,100 to 1,200 tons of limestone had to be 
transported from the quarry to the stone crusher. Limestone was quarried 
from open cast mines by blasting and excavating. After the loose earth 
containing little or no limestone had been removed by bull-dozers, the 
limestone was blasted with explosives. Each blast would prepare several 
thousand tons of limestone for excavation. The excavators 1 had a capacity 
of picking up 3 cubic yards of stone in one bite. The excavator would pick 
up stone and drop it into waiting dumper trucks. These trucks had a 
rated capacity of 13 tons, but in practice they carried, on an average, a little 
less than 10 tons per trip, because the truck operators did not bother about 
using it to its full capacity. After the dumper trucks were loaded, they were 
driven to an unloading platform which was about nine feet higher than 
ground level. 2 The limestone was then dumped into tipping wagons. 
The platform was just long enough to allow the loading of nine tipping 
wagons without any repositioning. One dumper load was emptied to one 
tipping wagon. After the tipping wagons were thus filled they were hauled 
by a steam locomotive (No. 2) to one end of a siding, about a furlong away 
from the platform, and were left there. The same locomotive picked empty 
wagons from the other end of the siding and returned them to loading 
positions by the side of the dumping platform. The siding was long enough 
to accommodate 50 wagons. During the time loaded wagons were taken 
to the siding and empty ones brought, the dumpers that brought stone to 
unload had to wait until the empty ones were put in position. From the 
siding, locomotive No. 3 (see Exhibit I) hauled the loaded wagons to the 
crusher. The same locomotive also returned the empty wagons from the 
crusher site to the siding where it picked them up. Even though a locomotive 
could easily haul 12 tipping wagons at a time with up to 15 tons stone in 
each the practice was to move only nine at any one time. The cost of each 
tipping wagon was approximately Rs. 10,000 and Superior had 60 of them 
in working order. 

Another locomotive (No. 1), worked essentially at the crusher, shunt¬ 
ing wagons and making trips to the works (the main factory). Locomotive 
No. 3 was new—hardly six months old—and was also the largest of the 
lot. Being large, it could not negotiate sharp curves, particularly the loop 
lines leading to manual 3 quarrying sites. Leaving empty wagons at these 
sites and hauling the loaded ones up to the siding was therefore done by 
the smaller locomotive—locomotive No. 2. 

Between the crusher and quarry there was a single track line and as 


1. The excavators are also called shovels. 

2. It was like a ramp sloping up from ground level up to a height of about 9 
' ft. beyond which there was a railway line at ground level. The ground on the side 

farther from the platform was level for a considerable distance. 

3. The company had several small quarry sites which were not mechanized. 
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such locomotives could not go in opposite directions and pass each other 
except at the sidings near the platform or at the crusher head. 

At the crusher a winch, driven by electric motor, was also provided 
for positioning wagons on the weigh bridge and at crusher hopper. When 
this had to be used for positioning, a wire rope was tied to a wagon. The 
other end of the wire rope was tied to the winch which, when rotated by an 
electric motor, pulled the wagons. After wagons were pulled to the required 
position, the motor was stopped and brakes applied to wagons. If the 
wagons had to be moved away from the winch the wire rope would be 
passed through a pulley arrangement. This took on an average 20 minutes, 
the actual varying depending on the distance between the wagons and 
winch. The use of winch being a slow operation was used for small move¬ 
ments only. The winch had to be only rarely used since locomotive No. 1 
was able to do most of the shunting and positioning of wagons in addition 
to its other duties. The layout at the dumping platform and crusher is 
given in Exhibit 2. 

Because of handling difficulties no inventory of quarried limestone 
was maintained. Limestone brought from the quarry was unloaded to 
crusher hopper as and when the hopper became empty. If the hopper was 
full, or if stone-crushing was stopped for some reason, the loaded-wagons 
would remain standing until operations resumed and their contents were 
required. The hopper could hold a maximum of two wagon-loads and the 
crusher could crush at the rate of 2 tons per minute continuously. 

The Study 

After some initial observations, Mr. Deshmukh concluded 
that the problem was mainly one of methods study which could be handled 
by use of the critical examination technique. So that he would be in a better 
position to choose among alternative methods, his first step was to make an 
overall time study covering the major operations. 

To get a clear picture of the utilization of each of the locomotives, 
Mr. Deshmukh then arranged to place vibra-corders 1 in each of the three 
locomotives. 

After collecting the three locomotive vibra-corder graphs (see Exhibit 
3 for an illustration) for a period of five days, he analysed the readings. 


1. These instruments essentially consist of a graph paper circular in shape and 
divided along its periphery into 24 parts for 24 hours. The disc containing the graph rotates 
at a rate of one full revolution for 24 hours. A fine recording pointer traces the circular 
path of the disc. When the locomotive is in motion the vibration transmitted makes 
the pointer record scries of vertical lines on the rotating disc. Depending on the ampli¬ 
tude of vibration, larger lines would be drawn. When the loco is stationary the pointer 
remains stationary and therefore merely traces a line near the periphery on the rotating 
disc. 
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His main purpose was to determine the number of hours worked (vibration 
markings) and the number of hours the locomotives were idle (i.c., not on 
the move). The summary of this analysis revealed the following: 


Date 

Loco 

No. 


No. of hours worked in the 3 shifts 1 

L 


i 

II 

Ill 

Hrs. 

Mfs. 

Hrs. 

Alts. 

Hrs. 

Mts. 

3.12.1966 

i 

5 

40 

5 

40 

5 

00 


2 

2 

00 

3 

25 

3 

. 40 


3 

2 

00 

6 

00 

3 

15 

4.12.1966 

1 

2 

45 

2 

45 

3 

00 


2 

1 

50 

3 

30 

3 

30 


3 

4 

00 

4 

30 

4 

45 

5.12. 1966 

1 

3 

20 

3 

20 

3 

10 


2 

2 

35 

3 

30 

3 

45 


3 

3 ' 

30 

4 

10 

4 

00 

6 12.1966 

1 

3 

10 

3 

40 

2 

50 


2 . 

2 

20 

3 

30 

3 

40 


3 

3 

30 

4 

10 

4 

15 

7.12.1966 

1 

2 

10 

3 

20 

2 

45 


2 

2 

20 

3 

50 

2 

50 


3 

3 

30 

4 

00 

3 

50 

Locomotive 


Primary location 


Average time 

worked 

No. 






per shift 






Hrs. 

Mts. 

1 

(At crusher head) 



3 

30 

2 

(At dumping platform) 


3 

05 

3 

(Transporting stone) 


3 

42 


1 Each shift was 8 hours, with a half-hour break in the middle. 
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During the study period, Mr. Deshmukh also travelled on the loco¬ 
motive to observe the various operations. He made detailed notes, and with 
these and the vibracorder readings, he was able to list, in chronological order, 
the operations and their completion times. These details are presented 
in Exhibit 5. During the break the locomotives made one trip to the works 
for watering. This was essential as there was no watering facility either 
at the crusher or at the loading platform near the quarry. After the study 
Mr. Deshmukh was convinced that the sequence and the time for operations 
for the three locomotives were correct. He also observed that the three 
locomotives were interchangeable except for the fact that locomotive No. 3 
could not be used to haul stone from the manual quarrying site. 

Cost Implications 

Particulars regarding capital cost and operating expenses 
for a locomotive are given in Exhibit 6. 

Exhibit 1 

THE SUPERIOR CEMENT COMPANY 
Present Allocation of Duties to the Locomotives 

LOCOMOTIVE no. 1 

1. Convey boiler ash from the Works to the unloading site at crusher 
head about 1 mile away—one trip in the morning every day. 

2. Shunt loaded wagons for weighing and for unloading at crusher 
hopper. 

3. Take ‘sick’ wagons from crusher hopper site to Works for repair 
and bring back repaired wagons. 

4. Convey empty ash wagons to the Works from the unloading site 
near crusher hopper. 

LOCOMOTIVE NO. 2 

1. Take loaded wagons from the dumping platform and place them 
on a siding. 

2. Take empty wagons from the siding and position against the 
dumping platform. 

3. Take loaded wagons from sharp curved siding (where Locomotive 
No. 3 cannot go) and place them on straight sidings. 

LOCOMOTIVE NO. 3 

1. Transport loaded wagons from siding (about a furlong from 
dumping platform site) to crusher head—a distance of about 4 miles. 

2. Transport empty wagons from crusher head to the quarry and 
place them on the siding, about a furlong from the dumping 
platform site. (From here the empties are taken to the dumping 
platform by Locomotive No. 2.) 


Exhibit 2. THE SUPERIOR CEMENT COMPANY 
Existing Arrangements 




PLAIN 
GROUND 
BEYOND 
THE LINE 


Exhibit 3. THE SUPERIOR CEMENT COMPANY 
Vibra-Corder Graph Illustration 



i 

« 
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Exhibit 4 

THE SUPERIOR CEMENT COMPANY 
Overall Standard 1 Times for Major Operations 


No. Operation Standard Time 

Minutes 


1 . 

Daily maintenance and checking of one 
locomotive 

30 


2. 

Fuelling and watering a locomotive 

30 


3. 

Travel time for locomotive alone from 
works to crusher 

5 


4. 

Travel time for locomotive alone from 
works to quarry 

15 


5. 

Travel time for locomotive alone from 
crusher to quarry 

10 


6. 

Locomotive picking up 10-12 empty 
wagons from crusher head and transport¬ 
ing to siding near dumping platform (in¬ 
cluding coupling and decoupling time) 

30 


7. 

Haul 10-12 loaded wagons to crusher 
head from the siding (including coupling 
and decoupling) 

30 


8. 

Position a wagon on weigh-bridge (near 
crusher hopper) 

0.5 

- 

9. 

Time for crushing one wagon-load of lime 

' 

The stone picked 


stone picked by excavator 

6.5 

by excavator also 

10. 

Time for crushing one wagon of hand 


contains earth 


picked lime stone, i.e., from manually 


and big boulders 


operated quarry 

4.0 

and has to be fed 
■ slowly to the 
hopper to pre¬ 
vent jamming. 
Hence takes more 
time. 

11. 

Haul 9 loaded wagons to siding (S in 
Exhibit 2), leave them there, pick up 9 
empty wagons from siding, haul to dump¬ 




ing platform and position 

15 


12. 

Watering the locomotive 

20 


13. 

Clean locomotive at end of shift 

30 



1. Standard Times were obtained by normalising average observed times and by 


adding necessary allowance to the normalized time. 
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Exhibit 6 

THE SUPERIOR CEMENT COMPANY 
Capital Cost and Operating Expenses of a Locomotive 


1. Original cost of a locomotive 

2. Repair and maintenance—average cost per day 
of operation 

3. Running expenses: 

(i) Fuel and oil: 

(a) Coal at 4 tons/day, at Rs. 45/ton 

(b) Coal loading charges 

(c) Loco cylinder oil—15 lbs./day 
@ Rs. 0.50/lb. 

(d) Shafting oil—| lb. per day 
@ Rs. 0.40 per lb. 

(ii) Crew charges 

The operating crew of the locomotive 
consists of a driver, a fireman and 
two pointsmen. 1 They are paid the 
following: 

(a) Driver 

(b) Pointsman 

(c) Fireman 


Rs. 1,25,000 
Rs. 30/day 

Rs. 180/day 
Rs. 3/day 

Rs. 7.50 per day 

Re. 0.30 per day 


J if 

Rs. 6.50 per day 
Rs. 4.50 per day 
Rs. 4.50 per day 


1. Pointsman is actually a signalsman. His job was to operate the points and 
crossings in the track so that the locomotive is directed on the right path. For example 
when the locomotive comes to a point where, say, two tracks cross ora branch line starts, 
the pointsman, travelling in the locomotive, gets down, operates lever and thus enables 
the locomotive to go on the desired track. 









LAYOUT OF 
FACILITIES 



I 
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PLANT LOCATION, FACILITIES LAYOUT 
AND MATERIALS HANDLING 


PLANT LOCATION 

In deciding on a location for a plant the top management 
of a company would have to (a) decide on a state or a territory within which 
to locate the plant and (b) decide on a precise site in which to build the 
plant. The selection of a territory is generally influenced by the following 
factors: 

(1) The entrepreneur’s preference—for example, a man might like 
to set up a plant in his home state or in a state where he wants to 
settle down. 

(2) The tax benefits available in a particular state. 

(3) The laws of a state which may be more suitable to the setting of 
the industrial unit under question. 

The choice of a precise site for a manufacturing plant is influenced 
by the following considerations: 

(1) Firstly, the type of manufacturing process itself largely restricts 
the type of locations. For example, a factory producing explo¬ 
sives has to be in a locality which is not densely populated. Simi¬ 
larly factories giving out harmful chemical affluents, or too 
much smoke and dust have to be in scarcely populated locali¬ 
ties. 

(2) Other considerations that influence the choice of a site are: 

(a) The price of land; 

(b) Availability of sufficient land for future expansions as well 
as for housing for employees; 

(c) The type of labour required, i.e., whether a large number of 
highly skilled labour is required or whether it is semi-skilled 
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or mostly unskilled; 

(d) The availability and cost of labour; 

(e) Transport facilities—both for incoming materials and for 
outgoing finished products—and cost of transport; 

(f) Nearness to market—both for input materials and parts 
and for selling the finished goods; 

(g) Local taxes, octroi duty, etc.; 

(h) Availability of water, electricity and the facilities for waste 
disposal; and 

(i) The local climate is also one of the factors considered, 
although to a lesser extent than others. 

A brief explanation of some of these is given in the following para¬ 
graphs; 

Land—Availability and Cost 

Land in and around metropolitan cities is expensive. 
Secondly, sufficient land to provide for future expansion may not be avail¬ 
able in metropolitan city areas. Often these disadvantages outweigh the 
advantages of locating plants near cities like nearness to market, transport 
facilities, etc. 

To help balanced industrialization in different areas and to increase 
the employment potential many state governments offer land at cheaper 
rates or sometimes even free of cost. Entrepreneurs often take advantage 
of this as such concessions go a long way in reducing the investment cost. 

Labour 

Availability of labour both of the right skill levels and 
adequate in number becomes an important factor. This is true for most 
industrial units in India because the employment level per unit output is 
high (compared to western countries) and the quantity and quality of labour 
also affects output from machines. While deciding on the location for a 
manufacturing unit the company should relate its requirement of skilled, 
semi-skilled and un-skilled labour to its possible availability in and around 
the location under consideration. For example, in big industrial cities 
it may be easier to get highly skilled labour although they may be costly. 
On the other hand, unskilled labour will be available in plenty in rural areas. 
Companies intending to set up plants in industrial cities should also bear 
in mind that while skilled labour is available more easily than in rural areas, 
it is also likely that labour turnover may be high because these skilled 
workers get alternate employment opportunities in cities. The company 
should therefore try to know its ability to retain skilled workers. 
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Nearness to Supply Source 

The final cost of a product is considerably influenced by 
the price of materials and parts that go to make the final product. The 
price of materials and parts depends on what it costs the supplier to distri¬ 
bute to the user—a manufacturing unit. If the manufacturing units are far 
away from the source of supply, the high transport and distribution cost 
of the materials will be reflected in the ex-works cost of the products. It 
is but natural, therefore, that refineries and petro-chemical industries are 
located near the oil field, that a cement or a steel plant should be near iron 
ore and limestone mines, that industries like steel and thermal power houses 
which use coal in bulk should be nearer collieries and so on. 

Nearness to Market 

Like the raw material cost another that can add to the 
cost of the product without adding to the value is the cost of selling and 
distribution of the finished goods. Depending on whether the product 
is a widely sold consumer article or whether it is a sophisticated product 
catering to only a segment of the population or whether it is essentially 
an input to another processing unit, the location of the manufacturing 
unit should be planned. For instance, if the company’s product has pre¬ 
dominantly a rural market like a relatively cheap toilet soap, it would be 
economical for the company to set up its manufacturing unit in populous 
rural areas. On the other hand, if the company is a producer of perfumed, 
costly toilet soap, its manufacturing unit should preferably be in or 
around a big city. Similarly, if the company produces raw materials to 
other industries, e.g., like chlorine or caustic soda, or polythene grandules 
or P.V.C. it should locate its plant where most of the user industries are 
already located or are likely to be located. 

Availability of Power 

Almost every industry needs electric power, often in quan¬ 
tities that appreciably influence the economics of production. Heavy 
engineering and chemical plants need lot of electric power and therefore 
cannot ignore the cost such a company has to incur on this account. Gene¬ 
rally, hydro-electric power is cheaper than thermal power and industries 
naturally prefer states or territories where hydro-electric power is available 
in plenty. In finding a location for a plant enough thought has to be given 
to the power potential of the territory and the likely demand on the avail¬ 
able power by other industries. It is common knowledge in India that 
in many parts of the country, industrial units are forced to run at less 
than normal capacity particularly during the summer months, merely be¬ 
cause of shortage of power. 
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Transport 

Availability of a good transport system both for move¬ 
ment of materials and finished goods is essential not only from the direct 
transportation cost point of view but also from the point of view of the 
time required to procure materials, as well as to deliver finished goods. 
Sometime although the mere transportation cost alone may not be high, 
the time taken by a particular transportation method may be high which 
forces the company to hold higher inventories. When these ‘transit inven¬ 
tory’ costs are also taken into account the total cost may work out to be 
too high. Waterways transport is of the kind just mentioned. 

In India the roadways and road transport have not developed suffi¬ 
ciently. Because of the high cost of road trucks and poor road conditions 
road transport cost is much higher—sometimes two or three times—than 
railway transport. In spite of this, many companies find it economical 
to transport raw materials and finished goods by road (more so when the 
quantity involved is moderate) because of the short time this method of 
transport requires. 


FACILITIES LAYOUT 

The subject of plant layout involves organization of 
physical facilities—both manufacturing and service—such that the produc¬ 
tion of goods and services would be possible as per specifications required, 
quantities desired, and in the most economic way. Layout of physical 
facilities is that function of Production Management which can be cate¬ 
gorised as a part of the design of a production system. In a manufacturing 
organization, plant layout deals with deciding the locations for machinery 
and allocating space for materials storage, inspection and testing, workers’ 
lockers, toilet, assembly and packing area, etc. 

Factors to be Considered 

The following important factors need to be considered 
before a good layout can be attempted: 

I. products. The description of the products giving shape, size, 
weight, quality specifications, material, production quantity— 
both current and during the foreseeable future of about ten years. 
Apart from individual products currently under consideration 
for production, diversification in the same product line which 
may have' a bearing on the layout should also be considered. 
Possible changes in the design of the product, their effect on 
manufacturing sequence, the machinery to be used for manu¬ 
facture and their effect on materials handling, are other relevant 
factors that need to be considered along with the product. 



LAYOUT OF FACILITIES 


127 


Future expansions should be one of the essential factors that 
should be kept in mind. 

2. production process. Production process directly affects the 
material flow and, therefore, the layout of physical facilities. 
Hence the process method and sequence for the products cur¬ 
rently considered and for the products that are likely to change 
in design, both in connection with the existing process techno¬ 
logy and the anticipated future technology, have to be considered. 

3. purchasing and inventory policy. A company's purchasing 
and inventory policy will have a direct effect on the material 
and parts storage and on material handling. These in turn will 
determine the space to be provided both for storage and inspec¬ 
tion and hence have a bearing on facilities layout. 

4. production system. The production system to be adopted 
in the manufacturing unit is perhaps the most important factor 
which influences the layout. Depending upon whether the com¬ 
pany is going to be a jobbing shop, or whether it is going to 
produce in batches or whether it is going to be a continuous 
production shop, the layout of machines and facilities would 
change. For example, if the manufacturing is of a jobbing type, 
then, a strictly functional layout would be ideal. On the other 
hand, if it has to produce on a mass production basis, a line 
or product layout would be most suitable. A factory where 
a batch production approach is justified, like when a company 
receives many repeat orders for the same or very similar product, 
a combination of the two types of layouts would be most 
advantageous. 

5. personnel policies. A company's personnel policy may require 
that locker rooms, shower rooms and canteens be provided for 
workers. These, therefore, would influence the layout. 

6. material handling system. The material handling systems 
such as whether materials will be moved by manual or mecha¬ 
nical means and what kind of handling devices would be used 
is yet another important consideration in deciding on the layout 
of physical facilities. Of course, as already pointed out, the 
materials handling system is itself going to be influenced by the 
production system chosen. 

7. technological change. As science and technology develop 
resulting in the development of new and improved production 
machines, companies often find it economical to change to the 
new technology. Such a change is likely to affect the rate of 
production, the process sequence and the product quality. The 
new technology may even allow a change in the product range 
which was not feasible with old technology. Each of these 
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possible effects of technological change would in turn affect 
the layout of facilities. 

8. safety. A layout that merely meets the personnel, production 
and workflow requirements is not enough. It should, in addi¬ 
tion, satisfy the safety requirements. The incorporation of safety 
provision at each work centre and the relative location of faci¬ 
lities as demanded by safety considerations affect the layout of 
a plant. 

9. SUB-CONTRACTING AND MULTIPLE SHIFT OPERATION. A com¬ 
pany's general policy on sub-contracting and on multiple shift 
operation would determine the number of production machines 
it would need to meet a certain production requirement and in 
turn would dictate the layout. Certain companies are too 
willing to sub-contract jobs rather than add to their existing 
capacities and make themselves. On the other hand, there are 
companies who, as a policy, would try to be least dependent 
on others particularly in regard to fabricating or processing 
parts required for their product line. Similarly, some company 
managements detest third shift working. It was learnt that one 
fairly large engineering industry even at the very start was laying 
out its facilities assuming no more than two shift working in 
spite of the fact that it already had orders to last about 9 months 
and it was expecting more. The company had plans to dupli¬ 
cate the facilities as soon as the two shift capacity was filled up. 
There are many textile mills which work only two shifts because 
of a belief that the third shift’s production would be low and 
quality sub-standard. However, these fears have been proved 
to be unfounded when some of the bolder managements did start 
third shift production. 

Types of Layout 

Layout of production facilities in a manufacturing unit 
can be classified into the following three categories: 

1. ^Process or functional layout, 

2. Product or line layout, and 

3. Fixed position layout. 

Each of these is described below: 

Process layout is an arrangement where production equipments doing 
the same process are grouped together. Thus in a machine shop, for 
example, all lathes would be located in one area, all milling machines in 
another area, all drilling machines in a third area and so on. The relative 
location of these departments or areas may be such as to suit normal 
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sequence of operations in machining of parts. 

Product layout is an arrangement where the production machines 
arc laid out in a way that suits the flow of the product in one line without 
having to have any back-tracking or zig-zag movements. For instance, 
if in the manufacture of a part the sequence of operations are turning, 
milling, turning, drilling and milling, the machines will be laid out such that 
lathes will be laid out first, followed by milling machines followed again 
by lathes. After this, drilling machines and again the milling machines 
will be laid out. At each of the five stations the number and type of machines 
would be such as to suit one or more of exactly (or nearly) similar products. 
The number of machines would be dictated by the production rate and the 
extent of line balancing required. (Details of line balancing and operation 
sequencing are covered separately in a different note.) Unlike in the case 
of process layout, the products for which the layout is to be designed are 
few in number and the quantity of output required would be very large. 
The product life, i.e., the period for which the product should continue to 
be in demand, would also be high. 

Fixed point layout is relevant only in the case of large ships and air¬ 
craft. In these cases the product under manufacture is stationary but faci¬ 
lities—machines, tools and men move from location to location. 

Suitability of Layouts 

Conditions when process layouts are generally found to 
be more economical are: 

(1) When the company has to produce small quantities, i.e., quanti¬ 
ties that need only a few days or weeks to produce; that several 
different products are to be manufactured which also keep 
changing, i.e., product life is short. 

(2) When the production capacity is limited and there is need to 
load different kinds of equipment to their full or near-full capacity. 

(3) When the average number of operations on products are not too 
many and the handling costs are small. 

The product or the line type of layout will be generally economical 
under the following conditions: 

(1) The volume of the product is sufficiently large to give a good 
equipment utilization. 

(2) The life of the product is long enough to justify the expenditure 
on layout for a line system. 

(3) The supply of materials and men of requisite skills is not a bottle¬ 
neck. 

(4) Standardization and parts interchangeability are possible. 
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Product Vs. Process Layout 

An understanding of the advantages and disadvantages 
of the two types of layouts would help management to examine a given 
situation in the light of these and then take a decision. The following 
tables give, in a nutshell, the relative merits and demerits of the two types. 

TABLE I 


Process 

Advantages 

1. For a given business activity, the 
capital investment on production 
equipment will be less. This is 
because a bcttcr^equjpraent utili¬ 
zation is possible and because 
facilities need not be duplicated 
as often as in the case of line 
layout. 

2. There is wide flexibility and it is 
possible -to produce a variety of 
products without incurring addi¬ 
tional costs. In fact, often the 
processing cost could be reduced 
from normal levels because it 
may be possible to have the same 
basic set-ups for a ‘family’ of 
parts needing more or less simi¬ 
lar processing. 


3. Effective supervision is possi¬ 
ble since the facilities are orga¬ 
nized on functional basis and 
supervisors have to look after 
only one or two processes and 
not many dissimilar processes. 


Layout 

Disadvantages 

1. Material handling costs will be 
high. This will be so because 
a part moving from one opera¬ 
tion to the next would have to 
travel a longer distance and also 
perhaps along zig-zag paths. 


2. The floor area per unit of pro¬ 
duct produced will be more. 
Although the smaller number 
of production machines (be¬ 
cause of a possible higher 
utilization) help in reducing 
the floor area, this is often 
more than offset by a need to 
have wider aisle spaces for 
material movement and also the 
larger working areas required 
near machines. 

3. Generally the labour would 
have to be of a higher skill 
because of the large variety of 
jobs that are likely to be taken 
up in a machine. The fact 
that machines are mostly of a 
general purpose type would 
also demand a higher skill on 
the part of machinists and 
setters. 
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4. Job satisfaction for workers and 
supervisors will be high because 
the work is of varied nature and 
is generally more challenging. 


5. Machine failures do not seriously 
affect production schedule since 
work can be diverted to an alter¬ 
nate machine which may be 
doing a less urgent job. For 
small interruptions even the 
diversion to an alternate machine 
may not be necessary because the 
normal batch size inventories will 
provide the necessary cushion. 

6. Generally speaking a smaller 
maintenance crew, particularly 
repair crew, need be maintained. 


4. A larg er inspection staff is 
required because of a higher 
inspection work-load caused 
by the larger variety of products 
and because of the use of 
general purpose machines rather 
than special purpose machines. 

5. In-process inventories will be 
higher because, usually the 
economic batch quantities might 
be high. 

Also, because the batch quan¬ 
tities are high, the through-put 
time for an order is bound to 
be long which therefore has an 
effect on the delivery date. 

6. Production planning and 
control will be quite compli¬ 
cated, requiring more paper 
work and control systems. 


TABLE II 


Product 

Advantages 

1. Material handling costs would 
be least because the distance to 
be travelled from one operation 
to the next would be minimal. 
Further, there would be no back¬ 
tracking or zig-zag movements. 

2. The floor area per unit of output 
would be less because not much 
working space might be required 
and aisle spaces would be least. 


Layout 

Disadvantages 

1. Investment on production 
equipment would be high, as 
duplication of facilities may 
have to be resorted to. In 
practice it is very difficult to 
keep all the facilities fully 
loaded. 

2. A production line once set up 
to suit a particular product 
cannot be easily used for other 
products. Thus flexibility is 
severely limited. 
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3. Less skilled workers could be 
employed as workers have lo do 
the same kinds of operations 
repetitively on special purpose 
machines that demand less skill. 
A higher output rate from the 
workers is also possible because 
of the repetitiveness of the opera¬ 
tions. 

4. Inspection needed would be less 
since, when the same parts are 
produced again and again chan¬ 
ces of rejections arc less. Hence 

. random checking would be ade¬ 
quate. Also, because of the large 
volume of production associated 
with line systems it might be possi¬ 
ble to have special purpose machi¬ 
nes which, among other things, 
might have built-in quality. 

5. The in-process inventory would 
be- small since the batch size in 
process could be as small as re¬ 
quired by considerations of pro¬ 
duction rate and line balancing. 


6. Production control needs to be 
very simple as the line integrates 
the different production stages 
and allows least number of plan¬ 
ning and control operations. 


3. Supervision is difficult and calls 
for knowledge of several, if 
not all, processes, on the part 
of the supervisors. 


4. Vulnerability of a machine 
breakdown. The breakdown 
of any machine in the line can 
cause stoppage of production in 
the subsequent operations. 


5. In view of the vulnerability of 
absence of an operator in the 
line, leave reserves have lo be 
kept of different skill levels, 
adequate to substitute for any 
missing operator. Alternately 
leave reserves could be highly 
skilled persons who could work 
on any station in the produc¬ 
tion line with equal efficiency. 
In cither case the cost will be 
higher. (It should be borne in 
mind, however, that advantage 
No. 3, in the column on the 
left, may more than offset this 
disadvantage.) 

6. Job satisfaction would be least 
because of monotony. 
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TECHNIQUES AND PROCEDURE TO 
DETERMINE PLANT LAYOUT 

Once the production situation, considered both from short 
term as well as long term point of view along with other considerations, 
justifies either a process or a product layout, the next step will be to see how 
best the right layout can be arrived at. 

Out of the two methods of laying out of facilities, working out a 
strictly product or line layout is relatively easy. The sequence of opera¬ 
tions determines where should which equipment and tools be fixed. The 
number of machines at each operation stage would have to be determined 
from details based on the operation times and production rate required 
as well as the desired balance delay . 1 The production (or assembly) line 
could be a straight line, U-shaped or S-shaped depending on the length 
of the line, the floor plan of the shop and other uses for the shop floor 
area. In the line system, since back-tracking is avoided by providing dupli¬ 
cate facilities as required by process sequence, the main job will be one 
of providing sufficient working space, including space for banking at each 
operation stage. Whatever flexibility is possible to shift parts of opera¬ 
tions from one stage to another (as may be required in connection with 
re-balancing of the line for different production rates), should be built into 
the line and as such this should be borne in mind while working out the 
layout. 

In the majority of production situations, particularly in India, a line 
system for the actual manufacturing operations would be uneconomical. 
However, for the assembly operations, in a large number of cases the line 
system can be adopted with great advantage. For the manufacturing 
operations, the layout method most suitable & a combination of the pro¬ 
cess and the product layout. As a general approach, while predominantly 
the facilities would be laid out on the basis of the functions they perform, 
the relative locations of different kinds of equipment would be such as 
to minimise back-tracking and movement distances for the major products 
manufactured. 

Given a range of products being considered for manufacture in the 
immediate and near future, one of the most important considerations in 
deciding on the layout of facilities is the work flow. The layout should be 
such that for a given level of production the tonne-meter movement should 
be minimum. In other words for the various inter-departmental move¬ 
ments the sum of all the load-distance products should be minimum. 
This could be mathematically expressed as 

E= ij A {J X iS = minimum 


1. See note on “Operation Sequencing and Line Balancing.” 
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where E = effectiveness of layout; 

A a = number of loads (say, in tonnes) carried per period between 
departments i and j; 

and X a = distance (say, in meters) travelled during the period under 
consideration, between departments / and j ). 

The first job in achieving the maximum effectiveness stated above, is to 
find out a method to arrive at relative locations of functional departments so 
that the objective of minimising the total load-distance is achieved. The 
following methods can be adopted to find out which departments should 
be closer to each other. 

Load Summary 

If we know the load to be moved from a department, 
we could try to locate those departments with high load movements nearer 
to each other, since our objective is to minimise load x distance. We may 
therefore record the basic data of inter-departmental load movement by 
writing the departments vertically and horizontally and filling in the load 
to be moved between any two departments. The following example will 
illustrate this:— 


From 

To 

Foundry 

Stores 

Forge shop 

Lathe dept. 

Milling dept. 

Shaping dept. 

Drilling 

Sheet metal 
fabrication 

Assembly 
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The figure on top will indicate the number of parts to be moved from 
and to the departments shown against. The figure at the bottom will re¬ 
present the intensity of movement represented by, say, metre-kg. We 
may see from the above example that from the lathe department 45 parts 
are to be moved to milling department with a load x distance index of 850. 
In the reverse direction it is 5 parts and an index of 65. 

The example shown above is also referred to as From-To Chart and 
Relative Value Chart. 

The Relationship Chart 

The knowledge of the relationship between one depart¬ 
ment and all others will be a very useful information in deciding on the 
relative location. Muther has suggested a procedure to collect the rela¬ 
tionship information, to rank and codify them and to draw a relationship 
chart. Briefly, the system suggested by Muther is: 

(a) to rank the relationship as A, E, I, O, U and X where these letters 
stand for degrees of closeness—absolutely essential, especially, 
necessary, important ordinary, unimportant and not desirable, 
respectively, 

(b) to give code numbers 1,2,3,... etc., for the various reasons for 
closeness such as use of common facility, use of common records, 
sharing same personnel, etc., 

(c) requesting each departmental head to state in a systematic way, 
the relationship rank and reason for the stated relationship with 
every other department, 

(d) where the mutual relationship particulars stated by two depart¬ 
ment heads do not tally, to discuss with them and sort out the 
difference, and 

(e) to draw a relationship chart incorporating the relationship value 
(i.e., the rank) and the code number for the reasons. 

A typical relationship chart is illustrated on page 136. 

The codes for the reasons for closeness could be as given below: 

Code Reason 

1 Degree of personal contact 

2 Requirement as per normal workflow sequence 

3 Use of common overhead crane 


7 Convenience, etc. 
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Development of Layout Plan 

After the relationship details between any two departments 
are known through the load summary and/or the relationship chart layout 
can be developed by following the steps as below: 

(1) Schematic diagrams should be drawn linking the various depart¬ 
ments and denoting the load transaction and degree of closeness 
required. 

(2) The diagram can be improved by locating those departments 
which have more movement of load between them or on other 
considerations that justify closeness of any two departments. 

(3) After possible improvements have been made by changing the 
relative locations the schematic diagram should be transferred 
to a floor plan of the factory or shop under consideration. 

(4) Knowing the number of equipment required, their sizes and work¬ 
ing area needed, blocks of rectangular shapes could be marked 
on the floor plan. 

(5) Considering the material handling methods and equipment 
and therefore the aisle space, the final floor plan can then be 
marked. 

Computerized Techniques 

Obviously the trial and error approach used to arrive at 
a final layout as described above will be tedious. In recent years more 
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sophisticated techniques have been developed. A computerized technique 
developed by BufTa, Armour and Vollman is briefly described below: 

The technique developed by them is called CRAFT — Comp uterized, 
Relative Allocation of Facilities Technique. In this method a Heuristic 
algorithm is used. Firstly, for an initial layout the total material handling 
cost is calculated. Then the departments of a plant are taken two at 
a time (or even three at a time), and assuming an interchange of their loca¬ 
tions the material handling cost is calculated. Then the departments of a 
plant are taken two at a time (or even three at a time), and assuming an 
interchange of their locations the material handling cost is calculated again. 
The difference in total material handling cost for the two situations is a 
measure of the improvement. Similar calculations of total material hand¬ 
ling costs for other possible exchanges between pairs of departments are 
then calculated. The exchange that yields the largest reduction in total 
material handling costs is accepted as a desirable change and the change 
effected in the floor plan. Similar iterations are done and other, desirable, 
interchange of locations affected. This procedure is continued until it is 
found that no further interchanges would result in a reduction in the 
material handling cost and the final block layout will then be the optimal 
layout. Details for each department as well as aisle spaces can then be 
incorporated into the final layout. 

Certain departments may be given fixed locations by not considering 
them as candidates for interchange of locations. 

MATERIAL HANDLING 

The American Materials Handling Society has defined 
materials handling as “... the art and science involving the moving, 
packaging and storing of substances in any form.” In the paragraphs 
that follow we will be discussing only the first of the three functions, viz., 
moving of materials. Here again we are more concerned with moving 
of materials in production shops. The amount of materials handling 
required in any production-distribution system is a direct result of the 
layout design for the system. As we have just seen, the main factors consi¬ 
dered in evaluating and improving existing layouts are handling costs. 
This is so because materials handling costs form a large chunk (in western 
countries often , more than 25 per cent) of the total manufacturing cost. 
Although in India the material cost forms the largest single cost factor for 
most products, and the handling cost may constitute a smaller percentage, 
but is still significant. 

Types of Materials Handling Equipment 

Ruddell Reed, Jr. has classified materials handling equip¬ 
ment into three broad categories (each of which again are subdivided) as 
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follows: 1 


Major classes • 


Sub-classes 


Fixed path 
Limited area 
Large area 


Conveyors, hoists, lifts, cranes 


Tractors, trucks, railways equip¬ 
ment, aircraft and water carriages 


In the fixed path system, handling equipment, installed at a place, 
convey the materials along a fixed path, usually to a distance of a few hun¬ 
dred meters. (In the case of belt conveyors, however, the distance could 
even be a few thousand meters). Drag conveyors (mostly used to drag 
airplanes or automobiles on the floor), belt conveyors, chain conveyors, 
roller conveyors, screw conveyors, bucket conveyors (or elevators), pneu¬ 
matic conveyors and shaker conveyors are some of the examples of fixed 
path conveyors. 

Reduction in materials handling costs could be achieved by 

(a) reducing the amount of handling through modification in layout; 

(b) reducing the handling time for a given amount of handling; and 

(c) by choosing the right kind of handling equipment. 

For a given level of production the quantum of handling can be redu¬ 
ced by reducing the distance to be travelled per trip and also by reducing 
the number of trips between any two departments. Changes in process 
methods and sequence, if possible by changing the very design of the pro¬ 
duct, can also help in reducing the amount of handling. Reduction in the 
number of trips of handling has to be achieved by exploring the possibi¬ 
lities of carrying larger units and the economies of increasing the unit size. 

A reduction in handling time can be achieved by minimising, if not 
entirely eliminating, waiting times. Reductions in handling times can 
save considerable money to the company inasmuch as the time saved 
would contribute towards reducing throughout times thereby resulting 
in reduced inventory holding costs as well as in enabling meeting tighter 
delivery schedules. Further, elimination of possible waiting times of pro¬ 
duction equipment would enable an increased utilization of those equip¬ 
ment and thus realization of more output. 

The handling equipment should be chosen such that the sum of the 
owning costs (i.e., capital costs) and operating costs are minimum; they 
have maximum flexibility in terms of handling different types of materials 
and they are safe to operate. Before going in for an investment on materials 
handling equipment the benefits likely to be accrued, in terms of the above 
as well as in terms of possible reduction in handling time, should be worked 
out in detail. 

1. Ruddell Reed, Jr., Plant Layout Factors , Principles and Techniques , 1961, 
Richard D. Irwin, Inc., Homewood, Illinois. 



Case Studies for Part Four 


* EMPIRE LEAFSPRING COMPANY (C) 

In October 1963, S. Gupta, the managing director of 
Empire Leafspring Company, was considering a plan proposed by his son 
Deepak, the firm’s production director, to increase the plant’s capacity by 
70 per cent. The company was producing at a rate of 100 tons of springs 
per month—its estimated full capacity. Both Mr. Gupta and his son 
believed the nature of their market to be such that any additional output 
could be sold without much effort on their part. Deepak’s plan required 
the purchase of several new pieces of equipment (see Exhibit 1). Since 
the installation of the new equipment would require moving some of the 
company’s existing facilities, Mr. Gupta also suggested that the layout be 
examined and re-planned to increase the efficiency of operations. 

Empire was a small firm, located in a South Indian city. It manu¬ 
factured leafsprings for trucks, buses, and automobiles. 65 per cent of its 
spring output was sold to one large truck and automobile manufacturing 
organization. Government departments and defence agencies were also 
important customers. Approximately 20 per cent of total production 
was sold as loose leaves for the replacement market. Exhibit 2 shows 
the sales during the period January to September, 1963. Empire sold 
the assembled springs at an average price of Rs. 1,920 per ton, and the 
loose springs at a price of Rs. 1,840 per ton. Mr. Gupta’s figures on pro¬ 
duction and costs are given in Exhibit 3. 

Empire had begun its operations in August 1962, shortly after 
Deepak had returned from a six months’ trip abroad where he had been 
training in the plant of a foreign leafspring manufacturer. All of the 
equipment required which was not available in India had been purchased 
from this foreign company and shipped to India prior to Deepak’s 
return. 

A development council sub-committee had estimated that the demand 
for leafsprings for motor vehicles would increase steadily from an annual 
rate of 30,000 tons in 1962 to 50,000 in 1965. Mr. Gupta believed these 
to be extremely conservative figures, especially in view of the backlog of 
orders he had been waiting to be filled. He thought that he could 
easily sell 200 tons per month. In 1963, the All-India Automobile 
and Ancillary Industries’ Association had estimated industry capacity to 
be 32,000 tons (17,000 in the organized sector and 15,000 in the 
small scale sector of which Empire was a part), based on single shift 
capacity. 
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Product ion of Springs 

A Icafspring was an assemblage of between seven and 17 
individual leaves, all bent to the same curvature, and fastened together with 
clamps. The leaves were made of spring steel which had been hardened 
and tempered to give them the required properties. The most common 
number of leaves in the springs manufactured by Empire was 14. The 
weights of the various leaves contained in a single spring differed greatly. 
The lop leaf (the mother leaf), might weigh as much as 12 kg. The second, 
the supporting leaf, would be slightly smaller and weigh slightly less, and so 
on down, until the last leaf might weigh as little as 1.5 kg. The mother leaf 
contained two eye-holes 1 to enable the fastening of the spring to the bottom 
of the vehicle. This and the supporting leaf were the ones most commonly 
requiring replacement, since they absorbed most of the shocks (sec 
Exhibit 4). 

The process of manufacture was as follows (see Exhibit 5). Spring- 
steel flats of required cross-section were sheared to proper lengths. Eye¬ 
holes were formed on the mother leaves, and the ends of the supporting 
leaves were bent slightly. The centres of the leaves were heated in a cen¬ 
tre heating furnace and then nibbled 2 in a press. The nibbling press opera¬ 
tor hand carried the leaves to the hardening furnace where they were 
heated. They were then moved to the bending machine and were simulta¬ 
neously bent to the required arc and quenched. The quenched leaves were 
taken to a tempering furnace where they were heated until the internal 
stresses caused by the bending had been relieved. They were then tested, 
assembled, painted and despatched. Exhibit 6 lists the shop’s equipment. 

The bending press was designed to bend two leaves at a time. As 
soon as two hot leaves from the hardening furnace were placed on the die 
and bent, jets of oil from a perforated oil pipe cooled the leaves from a 
temperature of 860°C to 50°C. When the leaves were cooled, the pres¬ 
sure was removed and the leaves were taken out of the machine. The 
whole cycle took two minutes, of which 85 seconds were required for cool¬ 
ing. The remaining time was used to carry the leaves, one at a time, from 
the hardening furnace, place them in the dies, operate the press, and remove 
the bent leaves. The temperature of the oil was kept at 45°C by circulating 
it through a heat transfer chamber where the heat was absorbed by circula¬ 
ting water. The temperature of the water was reduced by means of a 
cooling tower, located just outside the factory building. 

One of Deepak’s requests was for a refrigeration unit. This would 
lower the oil temperature to 35°C and reduce the cooling cycle to 35 


1. Formed by bending round the two ends of the mother leaf to form a loop 
of the required diameter. 

2. Nibbling consisted of forming a small depression in the flat steel so that, at 
assembly, no relative movement among the leaves could take place. 



LAYOUT OF FACILITIES 


141 


seconds, thereby increasing the machine's possible capacity by 70 per cent. 
The purchase of a new tempering furnace, a new centre heating furnace, 
and a new nibbling press would permit an increase in total leafspring output 
by this same 70 per cent figure. Dcepak also thought that the purchase 
of a new lathe, a shaping machine, and a power hacksaw, as well as some 
new benches would help improve operations. 

The tempering furnace was charged eight times a day. The leaves 
were stacked on a tray with small wheels, which was pushed inside the fur¬ 
nace. After tempering, the tray was pulled out and the leaves were un¬ 
loaded. Then a fresh charge was placed on the tray and the process repeat¬ 
ed. Deepak believed that he could save two hours of furnace time per 
day by changing the method of loading and unloading so that these opera¬ 
tions could be performed while other leaves were being tempered. His 
request included an extra tray and a trolley system, to allow for the use of a 
second door in the furnace. The loading would be done at one end, the 
unloading at the other, and except for pushing preloaded trays in and out, 
no tempering time would be wasted. 

Scheduling was done in lots of 100. Deepak had selected this num¬ 
ber because it was equivalent to the three shift capacity of his bottleneck 
operations. (The plant was working on all days of the month.) He said 
that if the number were smaller, he would be wasting capacity. 

Raw materials consisted basically of fiat strips of spring steel, of 
uniform width but varying thicknesses. Empire carried an average of two 
months’ requirements in inventory. The materials were kept in a bank 
store at the factory site. The bank advanced 85 per cent of the purchase 
cost to Empire. Each week, the firm released its requirements from the 
store by paying cash (principal plus interest at the rate of 10 per cent. 
Empire's major customer supplied the firm with all the steel required to 
manufacture the springs it ordered, since spring steel was in short supply. 
For the remainder of its needs, Empire obtained 50 per cent from its govern¬ 
ment quota (at a price of approximately Rs. 950/ton) and purchased 50 
per cent from the “open” market (at Rs. 300/ton premium above the govern¬ 
ment controlled price). 

Empire had a labour force of 75, of whom 37 were classified as skilled, 
and the rest as unskilled. The former earned an average daily wage of 
Rs. 4.50, while the latter earned Rs. 2.50 per day. 

Exhibit 7 shows the present plant layout. Mr. Gupta asked Deepak 
to re-examine the suggestions he had made, and to work out the new layout 
(using whatever final plan of purchases and arrangement he deemed best) 
so that a decision could be made. 
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Exhibit 1 


Cost of Machinery and Installation — Dcepak’s Proposal 

machines: 

Rs. 

Refrigeration plant and transformer 

57,000 

Tempering furnace 

20,000 

Center heating furnace 

35,000 

Nibbling press 

Machine tools and misc. equipment (benches, 

20,000 

trolleys, etc.) 

17,000 


1,49,000 

Additions to and rearrangements of building 


(includes provision for increasing the build¬ 
ing size to 80' X 100', changing the layout, 
extra plumbing, etc.) 

46,000 


1,95,000 


Exhibit 2 

Company Sales (in rupees) — Jan.-Scpt. 1963 

Month 


Sales 



Rs. 

January 


7,857 

February 


15,749 

March 


65,982 

April 


53,276 

May 


1,08,229 

June 


1,65,943 

July 


2,19,862 

August 


2,15,625 

September 


2,24,083 
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Exhibit 3 

Cost of Production for Month of July, 1963 

Tons Cost in Rs. 


Total Production 

Loose Leaves 6.00 

Springs 7 6.92 



82.92 

Loss of weight during processing 

5.81 

Spring steel used 

88.73' 88,730.00 

Mild steel consumed in assembly of leaves 

5 84 4.672 00 

COST OF MATERIAL 

93,402.00 

Conversion Cost* 

33,260 00 

Administrative and Sales OH** 

17,000 00 
1,43,662 00 

Total Cost Per Ton Rs. 1,731 

’"Conversion Cost: 

Rs. 

Wages 

8,070 

Depreciation 

4,102 

Factory rent 

381 

Works salaries 

1,852 

Consumable stores 

4,325 

Lubricants 

3,230 

Dies and tools 

1,500 

Power 

1,600 

Repairs 

200 

Fuel 

5,000 

Director’s remuneration (50 per cent) 

3,000 50 per cent inclu¬ 
ded in Admin, and 

- Sales OH 

33,260 

**Administrative and Sales Overhead: 

Office expenses 

1,700 

Travelling expenses 

4,300 

Entertainment 

2,000 

Car and tempo 

1,500 

Misc. 

500 

Interest 

2,000 

Advertising 

2,000 

Director’s remuneration (50 per cent) 

3,000 50 per cent in¬ 

cluded in Con- 

- version Cost 

17,000 


881888 
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Exhibit 4 

Sketch of Assembled Leafspring 


Mother Spring 



2nd Spring 
(Supporting leaf) 
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Exhibit 5 

Manufacturing Process at Empire Lcafspring Co. 



Operations 

Machine 

Shifts 

-• Total 3 shift 1 * 




working 

capacity 

1 . 

Shear to required 
length 

Shear 

i 

13 tons/day 

2. 

Heat one end 

End heating furnace 

3 

30 tons 

3. 

Slant cutting and 

Eccentric press and 




eye rolling 

eye-rolling fixture 

3 

30 tons 

4. 

Heat another end 

End heating furnace 

3 

30 tons 

5. 

Slant cutting and 

Eccentric press and 




eye-rolling 

eye-rolling fixture 

3 

30 tons 

6. 

Heat the centre for 

Centre heating 




nibbling 

furnace 

3 

4i tons 

7. 

Nibbling 

Nibbling press 

3 

4i : tons 

8. 

Hardening 

Hardening furnace 

3 

3h (ons 

9. 

Bend to an arc and 

Bending and quen¬ 




quench 

ching press 

3 

3i tons 

10. 

Temper 

Tempering furnace 

3 

3J tons 

11. . 

Test for Brinell 

Hardness tester 

1 . 

N.o. capacity 


Hardness (random) 



restriction up 
to 100 tons 

12. 

Set leaves 

Leaf setting 

1 

Up. to 12 tons 

13. 

Ream eye-holes 

Drill 

1 

Up to 20 tons 

14. 

Assembly and Scrag** 
test 

Scragging press 

1 

No restrictions 

15. 

Bush fitting and 
reaming 

— 

1 


16. 

Paint springs and 
despatch 

— 

1 



♦ Estimated by Dccpak based on present methods. 

** The scragging test measures the amount of deflection in the assembled spring 
for a given amount of pressure. Although Dcepak said that less than .01 perc:nl of the 
springs failed to meet the tests, it was performed for prestige reasons, as many customers 
were impressed by the expense and pains taken by Empire to ensure the quality of its output. 
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Exhibit 6 

Empire’s Machinery and Equipment 



Name of Machine 

Value when new 

1 . 

Hardening furnaces (2) 

Rs. 

43,000 (for 2) 

2. 

Bending and quenching press 

1,25,485 

3. 

Drill 

2,300 

4. 

Tempering furnace 

20,000 

5. 

Scragging press 

67,571 

6. 

Grinder 

1,700 

7. 

Hardness tester 

7,000 

8. 

Shearing machine 

21,736 

9. 

Eccentric press 

62,237 

10. 

Eye-rolling machine 

8,000 

11. 

Lathe 

10,000 

12. 

Nibbling press 

19,600 

13. 

Flexible grinder 

800 

14. 

Central heating furnace 

33,000 
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Exhibit 7 

Floorplan of Factory (60'x80') 
Approximate scale: T=15' 
(X = position of operator) 



Old-not in use and not worth repairing. 



























VIKRAM ENGINEERING CORPORATION 


In June 1962, the planning engineer of Vikram Engineer¬ 
ing Corporation was working on the layout of the machine shop which 
the company planned to establish. A large, modern, factory building was 
nearing completion and the first group of machines which had been ordered 
was expected to arrive at the site very soon. It was important, therefore, 
that the locations on the shop floor for the various pieces of equipment 
be finalized so that minimum cost and delay would be incurred in instal¬ 
ling the machines as they arrived. 

Vikram Engineering Corporation was founded to manufacture two 
distinct product lines: large textile-sizing 1 machines and automobile 
oil pumps, the latter in collaboration with a foreign firm. The company’s 
original plans called for two separate factories, one for each product line; 
however, after a detailed analysis of the costs involved in running two inde¬ 
pendent units, the company decided to manufacture both products in the 
same plant. 


Textile-sizing Machines 

Textile-sizing machines (also known as “slashers”) were 
fairly large, complex assemblies. Demand for these machines came mainly 
from replacement and modernization programmes in the textile industry. 
Vikram sold on a nationwide basis. The sizing machines were built accord¬ 
ing to customer order, although by far the largest number of parts were 
standard for all machines. 

During the first three years of its operation, Vikram expected sales 
to average 24 sizing machines per year; however, it expected this figure to- 
reach 26 per year by the end of the fifth year and had based its equipment 
requirements on the higher output. Sizing machines sold for prices ranging 
from Rs. 1 lakh to Rs. 2 lakh. 

The sizing machines consisted of a large number of cylindrical rolls* 
around which the yarn undergoing sizing was wound, equipment for immer¬ 
sing the yarn in the sizing and for drying the sized yarn, and controls. 
Except for the large cylindrical rolls made of sheet metal, and their shafts- 
made from bar stock, almost all the parts made by Vikram were machined 
from castings. Of the 350 parts of a sizing machine (excluding screws. 


I. Sizing is the process by which yam is immersed in a mixture of starch and 
chemical solutions and dried, before being sent to weaving. The purposes of this are to 
strengthen and smoothen the fibres to facilitate weaving, minimize yarn breakage, and 
prevent fraying of the yarn. 
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bolts, etc.), Vikram manufactured approximately 300 and purchased the 
remainder. The weight of the machined parts ranged from a low of 300 
grams to a high of 445 kg. The company had decided to manufacture all 
but the very large standard components in lot sizes equivalent to the parts 
requirement of 24 machines. These were to be stored until needed in assem¬ 
bly. The larger parts (such as rollers and frames) would be manufactured 
individually as orders came in. The machining sequence for 23 different 
but representative parts and the number of parts in each weight range are 
given in Exhibit 1. 

Oil Pumps 

The oil pumps manufactured by Vikram were used in several 
different makes of automobiles manufactured in India. Vikram had obtained 
the exclusive license to manufacture a pump which was presently being imported 
and which was used by most of the major automobile companies. It was 
expected that once production started at the plant, the import of these 
pumps would be stopped. Only one other company had been licensed by 
the government to manufacture pumps (though of a slightly different 
design), but Vikram thought that its product was far superior in all respects. 
Since the pumps were constantly immersed in oil, wear and tear were mini¬ 
mal, and past studies in the industry revealed that the pumps usually lasted 
the life of the automobile. The company therefore believed that there 
would be very little demand for replacement parts, and it planned to tie 
its manufacturing plans directly to production of new automobiles. Accor¬ 
dingly, Vikram had already entered into long-term agreements with several 
manufacturers and Vikram’s delivery schedule was directly linked to their 
monthly production schedules for cars. Vikram had made an estimate 
of demand for automobile oil pumps in the country for the next five years 
and, based on this, had scheduled its own expansion programme and its own 
production goals. These figures are given below: 


Period 

Nation-wide Estimated plant 
estimate of capacity at end 
demand of period 

Anticipated 
output during 
period 

Oct. 1962-1963 

36,000 

15,000 (Phase I) 

5,000 (during last 4 
months only) 

Oct. 1963-1964 

41,000 

30,000 (Phase II) 

15,000 

Oct. 1964-1965 

51,000* 

51,000* 

30,000 

Oct. 1965-1966 

60,000 

60,000 

50,000 

Oct. 1966-1967 

70,000 

70,000 

60,000 


* If growth continued as predicted, the company would expand capacity in 
accordance with these figures. However, the additional machinery had not yet been 
ordered, as the company was only proceeding on definite plans for Phase I and II. 
Phase 1 and II will be described later. 
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The automobile oil pumps consisted of five main parts. These were 
the pump shaft, inner rotor, outer rotor, pump body and pump cover. 
The entire assembly weighed less than 2 kg. Exhibit 2 presents the opera¬ 
tions plan for each of the components. Assembly was fairly simple, requir¬ 
ed no elaborate equipment, and according to the collaborating firm, four 
or five workers could put together 300 pumps per day. 

Two-Step Programme 

Based on the demand for the two product lines, the avail¬ 
ability of foreign exchange, and the company’s financial position, it had 
been decided to acquire machinery and equipment in two phases. The 
first phase would require approximately Rs. 40 lakh worth of machinery, 
while the second phase would take an additional Rs. 12 lakh. The com¬ 
pany thought that this two-step programme would provide an opportunity 
to work out most of the material-supply, tooling, and labour problems 
before the full investment had been made. In this manner, the entire block 
of capital would not be tied up while the bugs were being eliminated from 
operations. However, firm orders had been placed for all of the first and 
second phase machinery. Exhibit 3 presents a list of the equipment which 
had been ordered for each phase with approximate cost figures. In addi¬ 
tion, to secure a steady supply of high-quality castings, the company was 
thinking of establishing a foundry, probably after three years of opera¬ 
tion. 

In accordance with its growth predictions, the company had tenta¬ 
tive plans for additional expansion beyond Phase II as follows (its only 
bottleneck operations were anticipated to be the lathes): 



Period III 

Period IV 

Period V 


Oct. 1964-1965 

Oct. 1965-1966 

Oct. 1966-1967 

Plant capacity at end 
of period 

Additional automatic 

51,000 

60,000 

70,000 

lathes required (nos.) 
Additional Capstan 

1 

1 

1 

lathes required (nos.) 

— 

1 

1 


Installation expenses for the equipment were estimated to average 
one per cent of the machine cost. The only machine which deviated greatly 
from this figure was the large planer which was included in the first phase. 
Because of its size, its precision, and the number of controls required, etc., 
the company estimated installation at approximately 10 percent of purchase 
price. If at a later date the machines had to be rearranged on the shop 
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floor, it was estimated that costs would average 50 per cent of the initial 
installation charges. 

In addition to the machines listed in Exhibit 3, the company had 
also placed orders for the following materials handling equipment (all in 
Phase I): 

1. two overhead crakes. One of these cranes would be installed 
in each of the two factory bays on overhead rails. The cranes 
would be free to travel the entire length of the bays, would be 
operated electrically from a control panel which hung down to 
the ground and travelled With the crane, and would have a capa¬ 
city of five tons each. They cost Rs. 60,000 a piece. 

2. A DIESEL OPERATED MOBILE CRAKE, COSting Rs. 70,000, with 
a maximum capacity of four tons. This was a vehicle (5'xl0' 
in width and length) which could move about the whole factory 
compound. Its crane arm could extend to a maximum radius 
of 1H feet and, fully extended, it could handle loads up to one 
and a half tons. 

3. SIX SMALL, HAND-OPERATED TRUCKS OF ONE TON CAPACITY EACH. 
These trucks measured 45"x36" and were 10 inches high. They 
had a small foot-pedal which operated a hydraulic cylinder, 
capable of raising the platform of the truck by three feet. The 
cost of the trucks was Rs. 2,000 each. 

4. CLOSED WOODEN TOTE BOXES 2' X 3' X 9° HIGH, AND 2’ X 3' WOODEN 
pallets, for carrying larger parts. The small trucks were 
suited for carrying these tote boxes and pallets. 

When the original selection of machinery was made, management 
decided that the company must be self-sufficient as far as equipment was 
concerned, since it did not think that there were any dependable machine 
shops in the city which would maintain high-quality workmanship on a 
sub-contracting basis. Therefore, once a list of the parts which Vikram 
intended to manufacture had been drawn up, the company decided to buy 
every piece of equipment required. Since many of the special-purpose machines 
would have a great deal of spare capacity (e.g., the hobbing machines, the 
bevel-gear generator, planing machine, etc.), the company thought it might 
take in some outside work. 

The plant under construction provided 41,800 square feet (418x100') 
of floor space. Tentatively, the planning engineer had assigned the follow¬ 
ing space requirements to each of the sections (he had not yet assigned 
space to them on the floor plan). Although he believed his estimate of 
the total space required for each section was very accurate, he thought he 
might have to change the overall dimensions of some of the sections when 
he actually located them on the floor plan: 
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First approxima¬ 
tion of dimen¬ 
sions 

Area required 

Total assembly area 

152'xlOO' 

sq. ft. 

15,200 

Raw material storage 

20'X 40' 

800 

Tool crib and fixture storage 

20'X 40' 

800 

Tool shop 

60'x 40' 

2,400 

Finished and purchased parts store 

48'X 40' 

1,920 

Engineering and test and inspection 
offices • .h v 

87'x 20' 

1,740 

Shop supervisors’ offices, production 
control 

87'x 20' 

1,740 

Sheet metal fabrication shop 

168'x 20' 

3,360 

Remainder for machine shop and aisle 
space 


13,840 

Total: 


41,800 


Although the planning engineer thought he had allocated enough 
space for the machine shop, he said that he could not be 100 percent sure 
until he actually worked out the machine locations. If he needed a small 
amount of additional space, he planned to take it from the assembly area, 
for which his estimate was on the generous side. All figures included allow¬ 
ances for aisle space within the sections but no allowance was included 
for aisles between sections. In addition to the above, space had to be 
allocated for the, following within the machine shop: a cleaning bench, a 
deburring bench, a hand-tapping bench, an inspection bench, and a marking 
bench. Each of these required a table 6'x3' behind which an operator 
would sit. Exhibit 4 presents a floor plan of the new plant. 







Exhibit l 

VIK.RAM ENGINEERING CORPORATION 
Representative List of Parts Manufactured for HM Sizing Machines in Vikram’s Plant 
(Numbers in Grid indicate sequence in which parts would go lo various machines. Numbers in brackets [ ] or parentheses ( ) indicate a choice of machines, 

with bracketed [ ] numbers slightly preferred) 


D 

1° 

Part No. Description of Part ^ 

§ 

Automatic ; 

milling AM-1 

Capstan lathe 

CL-1 

Bevel gear 

generator 

GS-1 

Gear hobber 

GH-1 

Gear hobber 

GH-2 

Horiz. bore & 

milling HB-1 

Engine 

lathe L-l 

Engine lathe 

L-4 

Blatter A P-1 

Pillar drill 

PD-2 

Pillar drill 

PD-3 

Radial drill 

RD-1 

Turret lathe 

TL-1 

Vertical 

milling VM-1 

Vertical 

slotter VS-1 

Vertical turret 

lathe VT-1 

Cleaning 

bench 

Deburring 

bench 

Hand tapping 1 

bench 

Inspection 

bench 

MarKing 

bench . 

"lELri03 Turret Bearing Yoke A* 











4 





2 

1 


5 

6 

3 

2X1355 Cover, front dress roll A 












2 








3 

1 

IW 351/E 40 Tooth sprocket A 


[2] 


(5) 

[5] 





4 



1 

(2) 







6 

3 

IW 607 Housing A 


1 









4 



• 2 






5 

3 

IW 578 Air Cycle 

Piston A 







1 

(1) 

(2) 






[1] 

2] 





3 


4 


2W 601/A 22 Tooth 

Sprocket A 


1 

2 

i 

(6) 

[6] 






5 




4 





7 

3 

1X 5381 66 Tooth 

Gear A 


a) 

(2) 

5 







4 




:n 

[2] 





6 


7 

3 

2X 5123 Ft. Housing Roll Bearing A 

4 

2 










3 





1 



5 


IX 5303 DilT. Gear Housing B 


1 










2 

4 









3 

2X 1351 Traversing Press Roll B 

3 





2 






4 








5 

1 

2X 3333 Gear 

Housing C 

3 

(7) 





i 

[7] 





6 

(4) 


2 


[4] 





5 

IX 4140 Hub beam 

Arbor C 






1 





4 



2 







3 

3X 4747 Cylinder 

Frame D 






2 

[3] 



(3) 








1 





2X 2589 Face Plate D 












4 



3 

1 




5 

2 

1X 5407 105 Tooth sprocket D 





5 







2 



4 

1 




6 

3 

IW 571 Cylinder Cap D 

• 

[2] 





(2) 



3 







1 

5 

4 

6 


2X 4414 Front Box E 






1 






3 
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Exhibit 1 (continued) 

VIKRAM ENGINEERING CORPORATION 

Total parts fabricated in Vikram Engineering 
Corporation 

Parts fabricated in Vikram Engineering Corporation 
Machine Shop* 

Weight range of the parts 


* Symbol representing 

Weight range in kg. 

No. of 

weight category 



parts 

A 

Under 

5 

140 

B 


5-10 

35 

c 

1 10-15 
\ 15-20 

20 


13 



' 20-25 

10 

D 

< 

25-30 

10 

30-35 

11 



35-40 

4 



f 50-55 

1 



j 55-60 

4 

E 


! 65-70 

1 


1 

1 

! 70-75 

1 


[ 85-90 

1 


1 

r iio-ii5 

1 

F 


120-125 

2 


1 

L 350-450 

3 




257 


* Remainder manufactured in sheet metal shop with one or two small items 
made in the tool room. 


= 306 
= 257 

= From less than 
1 kg. to 445 kg. 
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Exhibit 2 

VIKRAM ENGINEERING CORPORATION 
List of Operations to be Performed on Pump Parts 

S. No. Operation Machine 


XX00059: Pump Shafts 0.125-0.28 kg. 


1 . 

Cut to length 

Hack saw or HS-1 

Band saw—BS-1 


Turn outer diameter 

Turret lathe—TL-1 or TL-2 

3*. 

Copper plate 

To be done outside 

4. 

Heat treatment 

Induction furnace—IF 

5. 

Finish outer diameter 

Turret lathe—TL-I or TL-2 

6. 

Mill slot 

Universal milling m/c.—UM- 

7. 

Drill hole on shaft 

4 spindle drill—4SD-1 

3 spindle drill—3SD-1 

2 spindle drill—2SD-1 

8 . 

Grind outer diameter 

Centreless grinder—CG-1 

9. 

Subassembly with inner rotor 

2 spindle drill or—4 SD-1 


(Drill press to drive pin) 

3 spindle drill —3SD-I 
—2 SD-1 


XX00060: Outer rotor 0.5 kg. 

Material: Plain blank castings 

1. Face to length, drill hole, bore and chamfer 
outer diameter 

2. True up and face to length 

3. Grind one face (opposite of chamfered 
face) 

4. Broach 

5. Turn outer diameter 

6. Grind outer diameter 

XX00061: Inner rotor 0.3-0.4 kg. 

1. Hold in chuck—Face to length. 

Drill bore, ream and chamfer bore 

2. True up and face to length and turn outer 
diameter 

3. Grind one face (opposite of chamfered 
face) 

4. Hobb tooth form 

5. Deburr 


Turret lathe—TL-1 or 
TL-2 

Turret lathe—TL-1 or TL-2 
Horizontal rotary surface 
grinder—RG-1 

Horizontal broaching machine—BM-1 
Engine lathe—L-l 

Hydraulic cylindrical grinder—EG-1 


Turret lathe—TL-1 or TL-2 

Turret lathe—TL-1 or TL-2 
Horizontal rotary surface grinder— 
RG-1 

Gear hobber—GH-I 
Horizontal rotary surface grinding 
machine—RG-1 


XX00Q62: Pump bodies—Cast Iron!Aluminium Alloy 1-1.5 kg. 


1. Face one side—rough turn outer dia. 

2. Drill, bore and ream for shaft hole 

3. Drill 3 mounting holes 

4. Drill connecting hole 

5. Finish outer diameter 


Automatic camlcss lathe—AL-1 
Automatic camlcss lathe—AL-1 
4 spindle drill—4SD-1 
3 spindle drill—3SD-1 
Pillar drill—PD-3 
Engine lathe—L-l 


XX00063: Pump cover 0.5 

1. Drill connecting hole 

2. Face one end, rough turn outer diameter 

3. Drill 


4. Mill 


Pillar drill—PD-2 or PD-3 
Automatic camlcss lathe—AL-1 
2, 3 or 4 spindle drill—2SD-1 
—3SD-1 
—4SD-1 

Universal milling machine—UM-1 








LAYOUT OF FACILITIES 


155 


Exhibit 3 

VIKRAM ENGINEERING CORPORATION 
First Phase Machinery* 


2SD-1 

Two Spindle Drill 

(Cost Category)** 

D 

3SD-I 

Three Spindle Drill 

D 

4SD-1 

Four Spindle Drill 

D 

AL-1 

Automatic Camlcss Lathe 

C 

AM-1 

Automatic Milling Machine 

C 

BM-1 

Horizontal Broaching Machine 

B 

BS-1 

Band Saw 

D 

CG-1 

Centreless Grinder 

C 

CL-1 

Capstan Lathe 

C 

EG-1 

Hydraulic Cylindrical Grinder 

D 

GG-1 

Bevel Gear Generator 

S 

GH-1 

Gear Mobbing Machine 

C 

GH-2 

Gear Mobbing Machine 

B 

HB-1 

Horizontal Boring and Milling Machine 

B 

HS-1 

Hack Saw 

D 

IF 

Induction Furnace 

C 

L-l 

Engine Lathe 

D 

L-4 

Engine Lathe (Large) 

D f **Approximate 

P-1 

Planing Machine 

j cost per machine 

A I A=Rs. 300,000 

PD-2 

Pillar Drill 

< B=Rs. 200,000 

D C=Rs. 100,000 

PD-3 

Pillar Drill 

D = Rs. 50,000or lc*s 

D L 

RD-I 

Radial Drilling Machine 

D 

RG-1 

Horizontal Rotary Surface Grinding Machine 

D 

TL-1 

Turret Lathe 

C 

TL-2 

Turret Lathe 

C 

UM-I 

Universal Milling Machine 

C 

VM-l 

Vertical Milling Machine 

C 

VS-1 

Vertical Slotting Machine 

B 

VT-I 

Vertical Turret Lathe 

B 


Second Phase Machinery 

3SD-2 Three Spindle Drill (Identical to 3SD-I) 

4SD-2 Four Spindle Drill (Identical to 4SD-1) 

AL-2 Automatic Camlcss Lathe (Identical to AL-I) 

CL-2 Capstan Lathe (Similar to CL-1) 

L-2 Engine Lathe (Medium Size) (Intermediate between L-l and L-4) 
RD-2 Radial Drilling Machine (Identical to RD-1) 

TL-3 Turret Lathe (Similar to TL-1) 

TL-4 Turret Lathe (Similar to TL-2) 

UM-2 Universal Milling Machine (Similar to UM-1) 

VM-2 Vertical Milling Machine (Similar to but much smaller than VM-1) 

Additional Machines Contemplated for Periods III, IV, and V 

AL-3 Automatic Camless Lathe 
A L-4 Automatic Camles Lathe 
AL-5 Automatic Camless Lathe 
CL-3 Capstan Lathe 
CL-4 Capstan Lathe 


* Note: This docs not include small machinery ordered for the tool room. 
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Exhibit 4 

VIKRAM ENGINEERING CORPORATION 
Floor Plan of New Plant Building 



Second Phase Machinery 


Note: Windows are not shown here. 









Exhibit 5 


VIKRAM ENGINEERING CORPORATION 
Approximate Scale Outlines of Machinery Planned for Purchase 
by Vikram Engineering 
' (Scale: 1/8"=T) 

(The operator normally stands in front of the point marked 



AL-I 


AL-2 


AL-3 


AL-4 


AL-5 

o 


o 


a 


o 


o 


, 1- 

1 


PD- 

2c 


PD- 

L TL- 1 

1 TL - 3 



^_2- 

J_?- 



JO 




TL-4 


HS-L 


lBS-1 a] 


2SD-I 


3SD-I 


3SD-2 


4SD-I 


4SD-2 

o 


o 


o 


o 


o 



O BM -1 



• L-4 




L-2 

• 



GH-I 


GH-2 

o 



iii 



1 

EG-l 

• 



IF 


See Exhibit 3 for Definition of Symbols. 
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PRODUCTION PLANNING AND SCHEDULING 


The concept of production planning is probably best 
defined by reversing the terms to read “the planning of production.” As 
used here, it refers to the establishment of policies, procedures, and facilities 
for manufacturing operations to produce products required for the future. 
It is intimately tied to both capacity planning and product determination 
(i.e., which products will be manufactured and in what quantities), and is 
future oriented. It looks ahead to ensure that the inputs consist not only 
of machinery and raw materials, but of people, skills, control systems, 
funds, and various types of inventories. In essence, production planning 
makes sure that everything is available on time to meet the production tar¬ 
gets. A manufacturing system is circumscribed by various limiting factors 
such as market price, quality, delivery requirements, funds availability, 
and inherent product restrictions (e.g., process times or special storage 
requirements). Planning must take these into account so as to enable task 
performance within both limitations and objectives. 

Scheduling, on the other hand, is more specific, and less oriented to 
the future. Scheduling accepts current conditions (available machinery, 
manpower, and materials, etc.) and provides a detailed path for utilizing 
these facilities to achieve immediate production objectives. A schedule 
starts with the desired end result (be it the completion of a bridge or the 
shipment of an electric motor) and provides a “blueprint” for accomplish¬ 
ing the task on hand. Schedules may be as specific as time and cost permit. 
They may outline general steps needed to complete a task (e.g., “complete 
motor subassembly”), or they may lay down specific operations (e.g., “wind 
rotor or motor”), start times, completion times, etc. Often, the more 
specific a schedule is, the better it can be used as a production control 
device. 

Although production control is treated in another section, it is impor¬ 
tant to note that the division between planning, scheduling, and control 
is artificial, and made here only for pedagogical convenience. Much of 
the value of production plans and schedules is lost if procedures do not 
exist to provide information feedback, how well are plans functioning?, 
how well is the schedule being adhered to? These are important inputs. 
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not just because they permit measurement of planning and scheduling abi¬ 
lities, but also because they provide early warning of deviations and permit 
corrective action at early stages. They also provide useful managerial 
development tools, and valuable information for future planning efforts. 

Another related topic covered under the section of production control 
is inventory control. The control of inventory is a complex affair involving 
both cost and the use of certain important concepts and techniques. It 
also has a major planning element, since the amount of inventory on hand 
will affect production plans as well as customer delivery. These are also 
affected by the form of inventory (e.g., raw materials, goods at various 
stages of processing, or finished products). 

The need for adequate production planning should be readily appa¬ 
rent, especially in situations where long lead times are required to change 
production capabilities. Requirements of rare workforce skills, of import¬ 
ed equipment or raw materials, or of expanded plants or facilities can often 
severely reduce a company’s ability to meet changing market conditions. 
Unless considerable advance planning is done, a firm may find itself with 
insufficient productive capabilities, or with an oversupply of obsolete 
finished goods. 


FORECASTING 

An essential ingredient for effective planning is a forecast¬ 
ing of the future. Occasionally, it may be possible to project future con¬ 
ditions with great accuracy (e.g., where sales are made under long-term 
contracts). In other cases, it may only be possible to estimate a number 
of likely future developments, any one, or even none, of which may come 
to pass. .Frequently, when the future seems very uncertain, managers 
throw up their hands in frustration, and forecasting becomes a meaning¬ 
less task. Undoubtedly, if the future were strictly the product of random 
chance, forecasting (not necessarily planning, since plans can be drawn 
up to provide maximum flexibility) would be an unrewarding task. But 
business firms act upon their environments, thereby removing some of the 
random elements. Given proper information, they can often predict over¬ 
all trends in the economy and in specific product markets, as well as trends 
in government legislation, in supply situations, and in labour movements. 
Uncertainty usually cannot be eliminated, but it can be substantially reduced; 
and managements which do not take advantage of the knowledge they 
already possess (or can readily obtain) to narrow the possibilities for which 
they must plan, are wasting valuable resources. 

Two types of forecasting are basic to sound planning activities. The 
first, sales forecasting, is especially vital to production planning for the 
short to medium term (one to two years). The second, technological 
forecasting, is important to all planning activities within the organization. 


PRODUCTION PLANNING AND SCHEDULING 


163 


including that of general policy issues. The techniques for both are similar 
and will be examined only briefly here. 

Sales Forecasting 

There are many ways of projecting sales forecasts all of 
which may have merits depending upon the situation. In many cases, a 
combination of techniques will supply the best results. However, it must 
be realized that these are not substitutes for managerial judgement, but aids 
to it. 

The traditional method of sales forecasting relies on the intuitive 
judgement of some manager or group of managers within the firm. They 
may indicate that sales will increase by 10 per cent next year, and they 
select the 10 per cent figure from a “feel” of the market. Often they can 
be very close, or they can miss by a substantial margin. However, forecasts 
can become self-fulfilling prophecies, since the men who make them are 
invariably the very people whose effort determines the actual results. 

Here, a cautionary note must be stressed. The proper atmosphere 
must exist within the company to ensure that managers make realistic fore¬ 
casts. Since forecasts arc vital to planning, it is essential that they be as 
accurate as possible and it also makes sense that managers be measured 
on their ability to predict. However, top management can over-empha- 
size the use of forecasts for performance ratings so much that forecasters 
sometimes make very conservative estimates to insure that goals are met. 
This can result either in stockouts and crash programmes to meet “unanti¬ 
cipated demands” or in a deliberate slowdown of effort, so as not to over¬ 
shoot the target. 

Forecast can be formulated in a central sales office by people who 
have a broad view, and then broken down into various regions or sales 
districts; or they can be formulated in the field, by people who are closest 
to the market, and then combined into a composite picture by a central 
office. Similarly, forecasts can be built up from estimates for individual 
product lines, or even package sizes of particular products, or can be bro¬ 
ken down from a gross estimate of total sales value. The inputs of both 
field and central personnel are very important, and frequently, if both make 
estimates, the two (i.e., the gross central estimate and the composite of field 
estimates) can be used as checks against one another. 

Forecasts cost money, and someone must decide how much detail 
is required. This will depend on the purposes of the forecasts. For 
example, where a critical raw material is used in many products of each 
of which the sales are difficult to predict, it may frequently be most econo¬ 
mical to predict sales volume for the group of products, to give an estimate 
of how much material is required. Daily forecasts are usually meaning¬ 
less, since the time span is too short to even out random fluctuations. 
Yearly forecasts are often too broad. Companies must experiment with 



164 


PRODUCTION MANAGEMENT—TEXT AND CASES 


their own procedures to discover what fits their industry and markets. 
The ideal forecast is broken down into periods which permit useful feedback 
(c.g., to enable rapid identification of any previously unforeseen trends), 
enable measurement of progress, and provide flexibility for adjustment. 

By itself, the intuitive approach is relatively wasteful, since, with little 
effort it can always be supplemented by one or more mathematical tech¬ 
niques to yield better estimates, probably the most simple of these tech¬ 
niques is trend analysis. 

The simplest form of trend analysis assumes that the future will be 
identical with the past. Last time-period’s performance (a month, quar¬ 
ter, year, etc.) is assumed to indicate performance for the coming time- 
period. Such projections often result in wild swings, as production levels 
and inventories alternately build up and fall off depending upon sales 
fluctuations. A somewhat more sophisticated analysis would involve a 
graphic projection of past history. Past sales figures can be plotted on a 
graph (either in total or by some product or package breakdown), signi¬ 
ficant trends (both overall and seasonal) can be noted, and through either 
visual or mathematical methods, the plot can be extended into the future. 
This assumes that the same conditions which contributed to the sales pattern 
in the past will continue to exist in the future. 

Trend analysis which is based on past sales history can make use of 
damping factors. The two most common are moving averages and exponen¬ 
tial smoothing. Essentially, the moving average takes sales data for seve¬ 
ral past periods, averages them together, and projects next period’s perfor¬ 
mance as this average. With each subsequent time period, the earliest 
set of data is dropped and the most recent is added, to give a “current” 
moving average. The averaging effect tends to dampen fluctuations result¬ 
ing from variations in past data. However, the moving average usually 
lags behind any trend in performance (and the amount of lag will depend 
upon the number of time-periods incorporated in the data). If sales are 
rising, the moving average will be based on data derived from periods 
when sales were lower. If sales are declining, the opposite is true. Unless 
some trend modification is made, production will always under-estimate 
or over-estimate actual requirements. A large number of time-periods 
will also obscure seasonal variations. 

Exponential smoothing functions in much the same manner as the 
moving average except that it weighs the most recent period more heavily. 
This technique is based on the assumption that performance in 
most recent time-periods gives a better indication of the future than per¬ 
formance in the more distant past. It is also easy to work with, since,, 
unlike the moving average, where distinct numbers must be remembered 
in order to be able to drop the oldest time period during subsequent cal¬ 
culations, “memory” is condensed, and only one number, the most recent 
forecast, is required. Essentially, exponential smoothing weighs the most 
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recent lime-period by a factor “a” and the forecast for the last time- 
periods by “1-a” (where “a” is a decimal less than “1”). The sensitivity 
to recent performance is determined by the selection of "a”. A value 
close to “1” places a high premium on the recent past. The converse is 
true for a low value. Each time a projection is made, the only figure which 
must be remembered is the new.forecast. In subsequent projections, the 
“new figure” will be successively multiplied by “1-a”, diminishing in im¬ 
portance by an exponential power of “1-a” in each computation—hence 
the name exponential smoothing. This technique may suffer from many 
of the same deficiencies of the moving average where sharp trends are 
involved. 

Adjustments for seasonality must often be made. These can range 
from simple techniques to complex mathematical analyses. Probably the 
most common involves, first of all, identification of any overall trends 
(e.g., growth in total yearly sales). Once the trend has been identified, 
an overall projection for coming time periods may be prepared (e.g., an 
estimate of total sales for the coming year). A detailed analysis of past 
years’ performance (e.g., by month) may then be made, and any patterns 
which can be identified (e.g., average percentage of sales for each month) 
can be applied against the gross forecast to provide monthly figures which 
are “seasonally” corrected. 

Table I provides examples of each of the types of trend analysis dis¬ 
cussed above, each involving manipulation of company sales records. How¬ 
ever, there are other types of analyses which can prove useful, and which 
are based on outside factors. Often it is possible to correlate product 
sales with other market indicators which can be more accurately forecast 
than sales themselves. Most of these fall into one of two categories— 
direct correlation, and correlation with leading indicators. In the first, 
correlations are made with other factors which bear on the present. For 
example, a tyre manufacturer may be able to predict sales for the coming 
period from trends in figures on the sale of new cars. These trends provide 
a good indication of the activities of tyre consumers. A consumer goods 
manufacturer might be able to get significant information from trends in 
national or regional income, etc. Similarly, trends in data on new car 
registrations may provide leading indicators for manufacturers of auto¬ 
mobile replacement parts. Such data will tend to lead company demand, 
since a lime lag exists between car purchase and need for replacement parts. 
The demand may not be felt immediately, but the figures give some indica¬ 
tion of the future. Many such indicators can often be found in general 
economic data (e.g., interest rates), and from related industry figures. 

Ideally, the best forecast is one with 100 per cent accuracy. However, 
most of the above techniques fall far short of such accuracy. First, they 
are only as good as their data inputs. Second, the techniques themselves 
must be combined with strong doses of judgement—not only in selecting 
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the parameters to be used (e.g., time periods to be analyzed, damping factors, 
etc.), but also in the interpretation, modification, and use of the results. 
However, they do provide valuable tools for managerial decision making, 
and they do stimulate thought concerning the future. The manager who 
wants to deviate from the forecast should be required to make his reasons 
explicit. In this way, the company as a whole can best understand the 
forces at work and can best evaluate actual results as they occur. Above 
all, explicit forecasting techniques provide the information necessary for 
effective feedback, so that companies can determine when their plans are 
going away and take action to correct them before it is too late. 

Technological Forecasting 

As firms move into areas of rapidly changing technolo¬ 
gies, technological forecasting becomes an important part of planning. 
Today’s growth product may be replaced tomorrow by new developments. 
New capacities for existing products are expanding rapidly. Airplanes 
are flying faster, engines are realising greater horsepower for less weight, 
satellite communication is replacing cables, and integrated circuits are 
replacing transistors. Firms must be able to anticipate such changes and 
adjust accordingly. Too often, companies define their outputs in terms 
of specific products, rather than in terms of service or performance attri¬ 
butes. In many countries, companies which defined their business as 
“the manufacture of horse-drawn carriages” found themselves out of 
business with the advent of the automobile, whereas the companies which 
defined themselves as “providers of transportation” were psychologically 
able to make the adjustment. Companies which think of themselves as 
manufacturers of fossile fuel thermo-electric plants may find themselves 
out of business unless they can adjust to nuclear power. How can a com¬ 
pany anticipate trends and significant breakthroughs (especially those 
where a theoretical limiting value is overcome by devising a whole new 
approach to a problem)? 

Again, the intuitive approach based on reading, experimentation, 
and a sound knowledge of the field, using either knowledgeable individuals 
or groups of people, has much merit. But this can be supplanted by analy¬ 
ses of contributing factors in much the same manner that sales forecast¬ 
ing was discussed. Instead of projecting products (in whatever way this 
might be done), data on capabilities can be studied (e.g., top aircraft speed 
or horsepower/weight ratios, etc.). Trends can be examined and projec¬ 
tions made from these. It may not be possible to predict the form of the 
new product, but it may be possible to predict the specific capability which 
will be available at a given time. The analysis cannot be product-bound. 
If studies were made of only one product or process, theoretical limits 
would soon appear to restrict progress and indicate an end to the process. 
If projections of aircraft speed were confined to planes using propellers. 
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jet speeds would have been considered unattainable. The same is true if 
the analyst fails to move from jets to rockets. Again, it may not be possi¬ 
ble to project the nature of the new breakthrough, but studies of the capa¬ 
bilities (figures of merit, in engineering terms) can often reveal trends in 
capacities and capabilities. Many of these projections (e.g., of aircraft 
speeds) can be analyzed in the same manner as those for sales forecasts. 

A less mathematical approach might be the identification and descrip¬ 
tion of several possible situations for the future (scenario), any one of which 
has a high likelihood of occurrence. A company might then want to plan 
in such a manner as to provide itself with maximum flexibility to meet the 
challenges of the future, to minimize potential losses, or maximize total 
gains. This type of planning is necessary for long run operations, to 
insure that the company broadens its horizon beyond present operations, 
and is flexible enough to prepare itself for the future in terms of the research 
activities and the manufacturing facilities which will be required. 

It is difficult to over-emphasize the importance of forecasting. It 
is the basis for all future planning—not only of productive facilities, 
but of financial resources and operating budgets, of policies and strategies 
to implement them, and of social needs, and the role of industry in meeting 
them. One must know something of the future in order to be able to 
effectively meet its challenges. 


PLANNING 

Only after a company has prepared meaningful market 
forecasts and identified the potential impact of new technologies upon its 
operation is it ready to move into the next stage of the planning process. 
At this point, it must translate the forecasts into specific plans of action. 
Goals or targets must be established, existing and potential resources must 
be identified, and alternative methods of employing these resources to 
reach the proposed objectives must be analyzed. Not until this process 
is complete will the firm have a “roadmap” to guide its journey from the 
point it is at today to some desired future position. The plan should cover 
such subjects as amounts and sources of funds required, requirements for 
expansion of physical facilities, needs for additional research and develop¬ 
ment activities, employment of additional skills or numbers of personnel 
(including ways to acquire or train such individuals), necessities for new or 
increased quantities of old materials, impacts of government regulations 
and procedures, and even the need to move into new markets or out of 
existing ones. 


Feedback 

The entire forecasting-planning process contains a series 
of logical loops. It is not a linear process where the forecast leads to the 
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establishment of goals and targets which are then the bases for identifying 
and employing resources, etc. On the contrary, the forecast normally will be 
influenced by preconceptions of what the goals and objectives should be. 
For example, a company which produces radios might focus on projecting 
only possible radio demand, ignoring the market for other types of related 
electrical or electronic goods which it could manufacture. In such a 
case, the restricted outlook may either be deliberate (reflecting a conscious 
decision to concentrate on radios) or it may be inadvertent (it just never 
occurs to management to expand its horizons). In this manner, the fore¬ 
cast is influenced by feedback from preconceived concept of goals and 
objectives. 

The forecast may also be influenced by resource availability. For 
example, sales performance is a function of many factors. It is influenced 
not only by existing trends in consumer behaviour, but also by promotional 
efforts expanded by the producer. A company which feels that it (or the 
industry) docs not have cither the resources or the desire to conduct exten¬ 
sive promotional campaigns may forecast market demand much more con¬ 
servatively than one which plans aggressive activity in this field. Similarly, 
resource availability may determine whether or not the company includes 
in its forecasts opportunities in new or related fields. 

All elements of the planning process should contain a certain number 
of feedback loops. These are information flows from steps further down 
the line which are brought into the process during successive iterations 
to improve results. Perhaps the most obvious of these loops is the com¬ 
parison between forecasts and the actual operating results. A company 
may have forecast sales for the year at 100,000 units. At the end of the 
year, perhaps sales were actually 80,000. The answer to the question: 
“Why the difference?” is useful for more than just affixing blame. Identi¬ 
fication of the factors which caused the discrepancy can be fed back into 
subsequent planning and forecasting processes to improve them. As a result, 
the forecasts for next year may be more accurate; on the- other hand, the 
forecast may have been a good one, based upon certain operating plans 
(c.g., the new plant would be ready for production by May), but perhaps 
we failed to perform as we should have (the plant was not ready until 
August). Such analyses can be valuable with respect to increasing our 
overall effectiveness. 

Uncertainty 

Another important factor to be considered during the 
planning process is the fact that plans are seldom based on 100 per cent reliable 
data. Forecasts are estimates, and as such are subject to both the vagaries 
of the future and the errors of the forecasters. Even the forecasts in which 
we have most faith may prove to be wrong. The general political or eco¬ 
nomic situation may take an unexpected turn, a competitor may come out 


170 PRODUCTION MANAGEMENT—TEXT AND CASES 

with an unanticipated and revolutionary product, our cost structure may 
change dramatically, our excellent labour relations may suddenly sour, 
or we may discover a new and more economical production process. All 
of these can change the course of the future. A blind commitment to the 
plans made before this new information became available may lead to serious 
trouble. A company may find itself completely out of step with current 
conditions. 

There arc numerous ways of handling uncertainty in forecasts. One 
is to try to assign probabilities to each forecasted event. This is often a 
difficult task, especially in a country like India which is going through a 
rapid period of social and economic change. A more useful approach 
might be the identification of several possible future courses (scenarios) 
and the formation of contingency plans for each. This does not in any 
way provide assurance that the future will follow any one of the particular 
projections made. All may be incorrect. However, by thinking through 
the various alternatives, the ideas and horizons of the planners are broad¬ 
ened, and alternative courses of action will have been explored in advance 
of any possible need. 

An example given above mentioned that the resources perceived as 
available for promotional activities may influence the nature of the fore¬ 
casts which are actually prepared. An alternative which allows for uncer¬ 
tainty would be the preparation of several projections assuming different 
levels of promotional activity throughout the industry. The firm would 
then use the projection which seemed most likely in view of resources and 
objectives; however, it would at least have identified the other alternatives. 
Should actual results indicate that the wrong projection was used, the 
company would be ready with alternative plans. By exploring numerous 
alternatives (rather than just one or a few) the company may uncover new 
opportunities, as well as develop contingency plans. Perhaps even more 
important, the selection of one among a number of alternatives requires 
some justification of the reasoning behind the specific choice. This means 
that assumptions and decision criteria are more likely to have been made 
specific. This in turn provides a most critical means for evaluating the 
validity of the plans which have been formulated. 

Feedback and Flexibility 

The keys to successful plan implementation are feedback 
and flexibility. Information must be provided to measure actual progress 
against the planned, and when discrepancies exist, the company must be 
flexible enough to shift if necessary. This implies the establishment of 
detailed benchmarks during the planned period, measures of progress, 
explicit statements concerning the assumptions made about the operating 
environment, and a formal procedure for analyzing the process. 

“Doubling production within two years” is not a plan. It is a goal. 


PRODUCTION PLANNING AND SCHEDULING 


171 


The plan must indicate how this will be done, when the various steps will 
begin and be completed, and what assumptions underlie the plan and the 
goal. Then, as the plan is being implemented, frequent checks are required 
to determine whether or not things are proceeding on schedule. Has the 
machinery been ordered on time? Was the assumption that we could 
obtain our raw materials from the new chemical plant which was scheduled 
to start operation this spring a valid one? Are we actually able to train 
the new workers in the two-month time period we projected? Is the 
market behaving according to our predictions? All of these questions 
must be examined at frequent and periodic intervals, and any time there 
is a discrepancy from our projection we must find out why. Only then 
will we know whether to speed up or slow down our present rate of progress 
or whether a shift is required. 

Planning vs. Control 

Too often the planning process is seen as a one-shot affair to 
which an irrevocable commitment is made. On the other hand, unless plans 
have some degree of stability, we may never get anything worthwhile accom¬ 
plished. Top management must achieve a balance between changing 
plans too frequently and not frequently enough. This balance can best be 
obtained only when full information is available. One must know whether 
the current adverse trend is only a temporary occurrence (in which case 
it might be ignored or dealt with through minor changes in our plans) or 
represents a more serious problem which necessitates a complete alteration 
of our course. It is inefficient to base such decisions on pure intuition 
when it is possible to augment such intuition with hard data generated 
during the planning process. For meaningful results the planning process 
must necessarily be interlocked with the control process. Plans which are 
not tied To valid control procedures may lose much of their effectiveness, 
or even produce more harm than good. The information obtained during 
the control and evaluation process is also a critical ingredient for improving 
subsequent planning applications. 

Management-Development 

The breadth of the planning process makes it a very valuable 
management development tool. Individuals who are involved in the process 
must relate their activities to the other activities of the firm and to the exter¬ 
nal environment. This provides knowledge and insight which day-to-day 
responsibilities often do not give. The production manager who is asked 
to plan for the future has to consider such factors as cost, market demand, 
fund availability, etc. This is not to say that he has all the information 
required or is in a position to finalize the plans, but through participation 
in the planning process, he becomes more aware of the impact which his 
actions have on others and vice-versa and the interrelated nature of the 
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functions of the firm. This can be a very effective means for improving 
his managerial skills. 

Time Horizon 

An obvious, but often overlooked area relating to plan¬ 
ning concerns the liming of plans. There are two elements to the timing 
issue. The first deals with the length of the period to be covered and the 
second with the relationships among: (1) the date the plan is formu¬ 
lated, (2) the age of the data upon which it is based, and (3) the period at 
which it is aimed. 

The selection of a planning horizon is a function of: (1) future un¬ 
certainties, and (2) the lead limes needed to get things going. A 25-year 
planning period is usually meaningless for most companies because of the 
difficulty of predicting what the future will hold 25 years from now. Tech¬ 
nology changes too fast. On the other hand, a forecast which looks ahead 
only one month usually does not provide sufficient lead time to construct 
a new plant, or even to obtain certain required raw materials. Again, a 
balance point must be achieved to provide the most useful information. 

Many companies find that a planning process involving multiple 
time horizons is most useful. Projections are prepared for several differ¬ 
ent time periods. A common pattern consists of detailed plans for the 
coming year, a longer projection made for the coming three to five years 
(with benchmarks every year or half year) and then perhaps a very general 
plan for the next ten years. Each of these is related, and all are updated 
regularly (the long range plans at least once a year, and the short range 
often quarterly or even monthly). Little time is devoted to developing 
the details of the ten-year plan. It is only used as a general guideline. The 
plans for the next three to five years may be developed in more detail. 
Typically, this is a necessary planning horizon for the construction of new 
plants, the introduction of new products which require a fair amount of 
development, etc. The plan for the coming year should be very specific, 
however, since this provides the working guidelines for immediate actions. 

The second aspect of the time issue can be illustrated by a common 
problem relating to the importation of raw materials to India. Projec¬ 
tions are often based on last year’s consumption figures, even though the 
materials ordered today will not be available for another year and a half. 
The planners have to begin to incorporate forecasting models into their think¬ 
ing. They must project historic data—not use it as it is. They must project 
far enough ahead so that it applies to a meaningful period. If materials 
ordered today will not be available for 18 months, the projection should 
probably cover the period from 18 months to 30 months in the future, etc. 
Such managerial planning practices must be introduced, however, not only 
into the planning processes within individual firms, but also in the macro- 
plans which are devised to assist the development of the entire economy. 
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Cost 

The planning process, like any other managerial function, 
has certain costs associated with it. It costs money to obtain accurate 
market data (market research, collection of government statistics, etc.). 
It also requires expenditures of time and effort to compile the results, to 
translate them into forecasts and plans, and to design the control systems 
necessary for implementation. Management must carefully weigh the 
trade-off between better information and the cost of such information. 
It is not economically sound (although it may make sense for other reasons) 
to expend Rs. 50,000 on improving the detailed nature of the planning 
process if the savings which result are substantially smaller than this figure. 
On the other hand, there are often intangible benefits which, though impor¬ 
tant, cannot be measured in monetary terms. For example, the fact that 
the planner identifies the need to initiate a project many months before 
it would have otherwise become evident may be worth a great deal in terms 
of providing the company with a competitive edge in respect to a pro¬ 
gressive image or, with flexibility, to enable the company to spread its 
resources more evenly. These benefits may or may not be quantifiable. 
Once again, top management must decide between the cost of the informa¬ 
tion and the value to be obtained therefrom. 


SCHEDULING 

The distinction between planning and scheduling is largely 
semantical and based upon differences in detail and time period. Typically, 
the schedule is a very detailed plan for an immediate and relatively short time 
period. The difference between the plan and the schedule can be illus¬ 
trated by looking at objectives. The plan may say double production of 
item x within two years. The schedule will say produce 200 units of x 
during week number 1, 250 during week number 2, etc. 

In the production area, scheduling often refers to the specific deter¬ 
mination of what is going to be produced during the next few days, weeks 
or months. This involves determination of the individuals or machines 
that are going to produce the items, when they will be started and completed, 
in what quantities (the lot sizes) they will be produced, and what materials 
will be used. But many other activities are also scheduled such as mainte¬ 
nance, movement of goods and materials, and even staff meetings. In essence, 
a schedule is a detailed statement of how, when, and where specific resources 
are going to be employed to produce specified outputs or results. 

At this level of detail, the schedule is often inseparable from the con¬ 
trol system. For example, in the financial area, a budget can be regard¬ 
ed as a schedule of funds usage. On the other hand, the budget is 
also an integral part of the control system for monitoring expenditures. 
The schedule thus provides a short range sequence of activities—one 
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for which wc must have sensitive controls and rapid response times. 

Basic Scheduling Elements 

Schedules can be very simple or very complex. Perhaps 
the most simple type of schedule can be illustrated by an example drawn 
from cottage industry. A worker may be asked to produce a given num¬ 
ber of woodcarvings or a certain number of square meters of cloth per 
week. The control is very simple and consists primarily of a count made 
each week when the goods are picked up by the employer or distributor. 
If production is down, compensation is reduced and within limits, broad 
flexibility of output exists. The worker produces a complete product 
and if he fails to meet his quota (or schedule), the primary effect is that 
there are fewer products in the market that week. 

In contrast, the scheduling of an automobile assembly line needs 
to be very detailed and critical. The schedule for a worker preparing a 
wiring component may specify that he produces a good unit every 90 
seconds. Since this component will be fed into an assembly line which is 
moving at a specific pace and since it must be installed in the automobile 
at a specific time (vis-a-vis the sequence of other assembly operations), 
any delay can be critical. Several hundred workers may each be contribut¬ 
ing a small portion to the fabrication and total assembly of the vehicle, 
each playing a specific sequenced role and allotted a limited performance 
time. Unless each accomplishes his task according to schedule, chaos 
will result. For example, the assembly line may be paced so that our 
worker’s task must be completed within the 90 second period. If he takes 
more than 90 seconds, either the line must be slowed down (wasting the 
time of several hundred other workers and reducing output) or emergency 
repair must be undertaken later to correctly install or repair the wiring 
component. In addition, the scheduling of the assembly line must be 
detailed enough to insure, for example, that a red fender goes on a red 
car and that a yellow one does not get mixed in. 

In an intermediate situation, we have the typical job shop where 
several manufacturing operations may be required to produce a particular 
customer’s order. Materials must be obtained and routed to the proper 
production processes in a specified sequence and the goods must be tested 
and shipped, all within certain quality, cost and time objectives. Specific 
schedules must be designed to assure that existing manufacturing capacity 
is utilized most efficiently to achieve these objectives. 

Implied above are several critical elements of the scheduling process. 
First, we must have a good idea of our capacity. How much can we do 
during a given period of time? The preparation of unattainable schedules 
is of little value. On the other hand, it may be expensive (in terms of both 
cost and lost opportunity) to under-utilizc our capability (as measured in 
terms of pounds of output per unit time, man or machine hours available, 
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units or lots of production per time period, etc.). It should be noted that 
“capacity” is a relative term. Our capacity to produce will change as 
production changes. A machine shop may have the capacity to produce 
500 electric motors of a given size per week, but if the size changes, or the 
product changes to electric generators, the output capacity also changes. 

Second, we must know our capabilities. Our worker or machine may be 
capable of doing better work than another. We will have to take this into 
consideration as we decide which of our resources to employ on which job. 

We must know the requirements of the job. What cost and quality 
standards are desired? How soon does the job have to be completed? 
What are the specific design and manufacturing problems we anticipate? 
What is the sequence of operations? 

Finally, we must have some standards of measure. The concept 
of standards will be discussed in more detail in the note on Production 
Control, but it is important at this point to indicate that it does little good 
to determine that we have 15 useable hours of turret lathe time available 
per day if we do not know how many hours it should take us to complete 
the turret lathe work on a given order. We have to develop standards— 
time, quality, and cost so that we know what our capacity really is and 
how best to allocate it. 

Although the above discussion has been oriented to production sche¬ 
duling, it should be apparent that scheduling is not peculiar to production 
management. By changing the terminology, the concepts developed here 
can be applied to almost any process whereby given tasks are to be accom¬ 
plished within given time, quality and cost constraints, using limited resour¬ 
ces. Scheduling is really the blending of these to achieve desired results. 

The discussion above has dealt with the elements needed to schedule 
specific tasks. However, there is another aspect of scheduling. The pro¬ 
cess can also be used to determine whether or not specific tasks should be 
undertaken. As available capacity is matched against the production stand¬ 
ards for incoming orders, it often becomes apparent that further job assign¬ 
ments are impossible under present circumstances. This provides information 
which management can use to alter its activities. For example, additional 
shifts may be added or plans to increase plant capacity may be initiated; 
prices may be raised or longer delivery times may be quoted; additional 
business may be refused or priorities may be reallocated among jobs already 
accepted and scheduled. In essence, the scheduling process also identifies 
the present status of things and provides useful inputs for future scheduling 
and planning activities. 

Form 

There are many different physical forms which a schedule 
can take. The schedule in the automobile assembly might be depicted by a 
physical flow chart, indicated the sequenced relationships between successive 
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operational steps and listing the allowed times. In its most simple form, it may 
appear as in Exhibit 1. Supporting this diagram would be specific details 
concerning the design and manufacturing specifications for each compo¬ 
nent, assembly instructions, and details concerning the design and manu¬ 
facturing specifications for each component, assembly instructions, and 
details concerning such things as colour, upholstery fabrics, etc. Only a 
small “symbolic” portion of the network is shown here. 

Another type of schedule may just list desired output (number of’ 
units) by department. This is often used in firms which are producing, 
fixed lines of products, largely for inventory. In such cases it is not impor¬ 
tant to keep track of the status of a specific order and its progress through 
various departments (again, the question of cost vs. value of information),, 
and the foreman may be left to decide which order goes to which machine- 
or worker. This type of schedule is illustrated in Exhibit 2. 

Exhibit 3 shows an example of a Gantt chart. This is a widely 
used method of depicting schedules (and measuring progress) where speci¬ 
fic producing units (men, machines, departments, etc.) are to be identified. 
Often it is used to identify the specific progress of a given job as it moves 
from one production unit to another. This technique is, therefore, very 
useful in job shops. The example in Exhibit 3 shows both the schedule 
and the progress to date. 

There are many other scheduling techniques. Some involve visual 
boards. For example, each day the foreman may take tags (representing 
new jobs) and hang them on pegs under each worker’s name. The tags 
refer to job and material specification sheets which the worker pulls from 
the file. They also usually contain a time standard to permit the foreman to 
estimate the proper load for the day. The worker may either be asked to 
perform the jobs in the order indicated by the sequence of the tags or be 
given the flexibility to perform the jobs in any order he desires as long as. 
he gets them all done within the day. 

Time Horizon 

The time dimensions of the scheduling process are very 
important. The people concerned with the actual production processes must 
be able to see far enough ahead to function efficiently. The foreman must 
have some flexibility to modify schedules, since it is impossible to completely 
anticipate future events, even a day or an hour away. A worker may get. 
sick, a key machine may break down, a lot of bad material may arrive, an. 
important customer may call and ask that his order be rushed through, a 
job may be cancelled at the last minute, or a short-cut may be discovered 
to speed up production. If the production people know what is coming 
in the future, they can make adjustments today which will take future 
events into account. For example, if the shop has idle time this week, 
the foreman may start work on next week’s output. In this manner,. 
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instead of losing capacity now, there will be time for the sales force to try 
to fill the gap during the following week. The production people can also 
use the information concerning future needs in an efTort to smooth produc¬ 
tion levels, hiring and training loads, inventories, etc. If the scheduling 
horizon is long enough (and, as in the case of planning, the more distant 
time period information need not be provided in great detail), advance 
preparation can be made to insure that materials, labour, and the other 
production elements are available when needed and in the most economical 
fashion. 

Exhibit 1 

Simplified Diagram Depicting Automobile Assembly Line Schedule 





* At stations 5B and 5C operators make the same part. Total cycle time per part is 

approximately 3 minutes. 

** Operator 5G produces one clip assembly every 45 seconds. These are used at both 
stations 5E and 5H. 


Exhibit 2 

Schedule in Simple, Mass-production, Small Product Line Company 


Schedule 



Weeks ending: 1 

Vlarch 7 and 14 

Department 

(Week): 

Product A 

1 2 

Product D 

1 2 

Product C 

1 2 

1 

300 

500 

500 

600 

700 

2 

400 

300 



600 800 

3 

400 

400 

350 

700 

400 

4 

1 

4^ ' 
O 
O 

400 

600 



5 

400 

400 

200 

1200 



Note. Assumption made for product A that production takes 1 week in each 
department and that no manufacturing losses occur and that the product passes through 
all departments in sequence. 
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Exhibit 3 

Gantt Chart Illustration 
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The chart above indicates programme for Monday through Wednesday, May 9th 


Another time related factor concerns the grouping of jobs. Typi¬ 
cally, the more times a worker has to change the set-up of his machine, 
the higher will be the costs associated with machining operations. Let us 
assume that three jobs (A, B, and C) are handled by a certain drill press, 
and that, with one exception, it takes 10 minutes to set up the machine for 
A, 20 for B and 30 for C. The exception is that it only takes 10 minutes 
to change the set-up for A to that for B. It is evident that there are eco¬ 
nomies to be gained by scheduling B so that it follows A. There may also 
be important advantages in accumulating orders for C rather than schedul¬ 
ing them as they arrive. If we wait, we may be able to combine orders 
for product C and save a considerable amount of non-productive set-up 
'.time. We must achieve a balance between such cost savings and customer 
.desire for delivery. Furthermore, we should consider such factors as quality 
{(with only one set-up the quality of output may be more consistent) and 
learning (with a longer run, the machinist may be able to increase his pace). 
These must be incorporated in any decision concerning the scheduling period. 

Cost 

All of the cost aspects attributed to planning are appli¬ 
cable to scheduling. For example, additional detail results in additional 
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cost. It may also result in additional benefit. Again, one must achieve 
a balance. 


Production Lot Size 

There is an important cost element, however, which is more 
closely related to scheduling. This concerns the issue of lot size. Typically, we 
process items through a series of production operations in groups. Usually, 
every time we change the product, we must also alter the production 
facility. An automobile assembly line presents an extreme case, where we may 
have to rip the entire plant apart and put it back together for major model 
changes. On the other hand, perhaps only a change in machine speed or 
tooling is required when we change from machining one type of part on a 
milling machine to another. In both cases, we can save production time 
and cost by minimizing the frequency of such changes. However, we also 
Jose something—perhaps customer satisfaction in the automobile case, 
and low inventory costs in the milling machine illustration. 

Let us look at a simple example. Assume for the moment that we 
can order a certain number, “Q” of parts from our machine shop this mor¬ 
ning and receive delivery this afternoon. Let us further assume that we 
use this product uniformly over time (i.e., the daily usage rate is uniform 
throughout the year) and that we use “A” units annually. Our inventory 
pattern might appear as in Exhibit 4 below: 


Exhibit 4 
Inventory Cycle 



We order Q units, use them up over a period of time, “P”, re-order and imme¬ 
diately receive another lot of Q units just as we run out, etc. Let us now 
•examine the effects of increasing Q—the amount we order at any one time. 

Each time we produce Q, we incur some set-up cost, “S.” As Q 
increases, the number of times per year that we have to set the job up 
decreases. This number will be equal to A/Q. Our total set-up cost then 
becomes S.A/Q. 
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As wc increase Q, however, the average level of our inventory (sec 
Exhibit 4) also goes up. Associated with inventory arc certain costs. We 
have costs which arise from the fact that our capital is tied up, from hand¬ 
ling and storage and damage. Let us express this cost as a percentage rate, 
“r” of the cost of an individual unit “C.” Our average inventory during 
the year is <2/2. This is the average stock we have on hand at any time. 
The cost of maintaining this stock is the cost of maintaining a single unit 
(r. C) times the average number of units (£?/2), or a total of r.C.O/2. 
The total cost, “7”’, in this simplified example consists, therefore, of: 

T — SA/Q + r .C. Q/2 

(Note that wc need not consider the variable manufacturing costs—material, 
labour and any relevant overheads—since they will be the same for any 
given output, regardless of the lot sizes we select.) If total cost is graphed 
with respect to Q (see Exhibit 5) it is evident that one cost element is a 
decreasing function of Q while the other is increasing. 

Exhibit 5 

Total Cost Analysis 



Our objective is to minimize total cost “T.” Since wc are accepting 
S, A, r, and C as given, the only thing we can change is Q. We can there¬ 
fore use calculus, take the first derivative of the expression for T (with res¬ 
pect to Q), set it equal to O (the second dcrivate will show this to be a 
minimum) and solve. This will give us the following: 


( 1 ) 

( 2 ) 

( 3 ) 


dT _—SA rC ^ 
dQ ~ & + 2 




Alternatively, we can see by observing Exhibit 5 that the low point for 
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total cost comes when SAjO=rCQI2. We can solve for Qi\ this point 
giving us the same result. We now have an equation: 



which is useful in determining the optimum lot size, or the quantity which 
we should schedule at any one time. However, it should be realized that 
this is only a first approximation. There may be very different opinions 
within the organization concerning the values to be assigned to r and C. 
Obsolescence, lost opportunities and other costs may have to be factored 
in. Even the sheer physical bulk of Q items (perhaps resulting in stopped 
up aisles) may lead us to alter our results and deviate from the formula 
answer. However, a computation of this nature will give us useful infor¬ 
mation and a starting point from which we can operate. The following 
example will illustrate the use of the model. 

EXAMPLE. Suppose the annual requirement 4 A' is 1,000 units, the 
cost of each unit carried in inventory c=Rs. 20, inventory carrying cost in 
15 percent (=/•) of value of inventory, and the set-up cost S is Rs. 45, 
the economic lot size, i.e., the lot size for which the total incremental cost is 
least, can be calculated as under: 




2x45x1000 

.15x20 


= 173 


Note that carrying cost can also be expressed as a particular amount 
per unit carried in inventory. For example in the above example we might 
say the inventory carrying cost is Rs. 3/per unit per year . When carrying 
cost is expressed this way it is not necessary to know the cost per unit of item. 

Lot Size When Consumption Takes Place Before Completion 
of the Lot 

The inventory cycle shown in Fig. 5 depicts a pattern where 
inventory is built up instantaneously and is depleted gradually. Sudden 
build up of inventory like this takes place when a whole lot moves. In 
actual practice, inventory build up does not occur like this, particularly when 
a production run continues for a long time. In the latter case consump¬ 
tion takes place without waiting for the lot to be completed and the 
inventory build-up will be at a rate equal to the difference between produc¬ 
tion and consumption. Like in the previous example we could still find 
the economic lot size for a production run using the same concepts. 
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Let us assume a production rate of p units per day and a consump¬ 
tion rate of r units, also per day. Inventory build-up per day would be (/;—/*) 
units. If the production run lasts for t v days, the peak inventory would be t p 

(p—r) units and the average inventory would be — - . The inventory 

build-up and depletion can be shown schematically as in Fig. 5 below: 



Fig. 5 


p = production per day 
r = consumption per day 
Let us assume the total quantity produced 
per run = Q units 
then Q = pj v 

i-e. t v = Qlp 

substituting for t p , average inventory can now be written as 


Q (pz -0 

P 2 



Now, 

Let K = inventory carrying cost—Rs. per rupee of inventory 
C = Unit cost, Rs. 

A = Annual requirement, units 
S = Set-up cost, Rs. 

Then, 

Total cost T = —- + (l- - r ) KC 

differentiating and simplifying 




U-r/p ) 

if number of production runs are N per year, 
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Minimum Number of Production Runs for Common Pro¬ 
duction Facility 

When several products have to be produced from the 
same common facilities, for optimum cost the production runs of these 
products should be taken jointly rather than separately for each product. 
Although a detailed proof is beyond the scope of this chapter, it is easy 
to see that certain similar products if produced in a cyclical fashion and in a 
particular sequence the total set-up time would be less compared to the sum 
total of individual set-ups when a particular sequence or cyclical pattern 
is not followed. For instance in paper mills making several grades of 
paper, steel rolling mills rolling different sections of steel and pipe making 
machines making different sizes of pipes, the different sizes or grades could 
be made in a common number of runs per year. For the different sizes 
of pipes, even if required in different quantities, the number of batches in 
which they are to be produced will be the same. Of course, the quantity 
per batch would be different if the annual requirement is different. The 
production time per batch would also vary depending on production rate 
possible for the particular product. The-formula for the multi-product situa¬ 
tion to find the optimal number of common production runs is as follows: 



7 = 1 


where the notations have the same meaning as before but with suffix 
/ denoting the value for the individual product. 

Decision Rules 

The scheduling function is such a detailed process that 
it must usually be delegated to middle or lower management levels. 
Consequently, the schedulers, of themselves, are usually not in a position to 
relate their activities to the overall company goals and objectives. Yet their 
function is vital to the achievement of such ends. Consequently, it is 
necessary to establish decision rules which will help tie the two levels of 
management together. 

Decision rules for scheduling should be fairly specific. Not only 
do they serve the purpose of linking the scheduling function with the attain¬ 
ment of total organizational goals, but they provide consistency in schedu¬ 
ling practice so that people can be interchanged, schedules can be inter¬ 
preted uniformly throughout the organization, and every one concerned 
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•will understand the process. They also make it possible to place much 
of the scheduling detail work on computers. 

Decision rules can take many forms. The selection of the particular 
rules will largely depend upon the particular circumstances for which 
they arc required. Competitive market conditions, internal cost structures, 
the nature of the product, capacity considerations, etc., will all have 
their effect. Examples of possible decision rules might include the following: 

1. Schedule the longest job first. 

2. Schedule the jobs in the order they arc received. 

3. Schedule the job with the earliest delivery dates first. 

•4. Schedule jobs on a random basis. 

5. Schedule first those jobs which use production facilities for which 
we have the greatest idle capacity. 

•6. Schedule all jobs first which require operations in department 1. 

7. Schedule customer A's orders before all others. 

Each of these rules (usually in combination with others) provides a 
means for assigning tasks. There are an almost unlimited number of 
possibilities (including the converses of some of the above) and these are 
provided solely for illustration. It is worth noting that such decision rules 
•are applicable to all scheduling processes—not only those which deal with 
production operations. 

Companies often experiment to determine the specific set of rules 
which make most sense for their particular situations. In fact, it is possible 
to use past or projected data on orders to simulate operations in the factory 
and determine the effect of a given set of decision rules in advance of their 
actual introduction. This can be very useful and save considerable grief 
and confusion, as it allows the testing of such rules without the disruption 
of production. 

Again, there is a caution involved in the use of decision rules. It is 
extremely difficult to design any set of rules which will cover every situation. 
Consequently, decision rules must be considered only as guidelines, not 
absolutes and flexibility must exist to deviate when necessary. On the 
other hand, it is probably sensible to require a thorough explanation every 
lime a deviation is authorized, least deviation from the rule becomes more 
common than applications of the guidelines. If the rules arc well construct¬ 
ed, they should tend to maximize benefits to the firm as a whole and should 
not be changed capriciously by individuals who cannot see the impact of such 
changes on overall corporate goals. However, this also implies the need 
for continuous review procedures to make sure that the rules are in tune 
with present conditions. 

A point often overlooked is that if decision rules for scheduling are 
?nol formally and explicitly established, they usually evolve through default. 
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Each person involved in the scheduling process will usually have his own 
method—perhaps one that makes sense only to him, but still a method 
Sometimes this may be the best alternative for a firm (e.g., the potential 
cost savings do not justify taking the time to establish a formal procedure). 
However, this should be explicitly determined. Othenvise, an organiza¬ 
tion may be overlooking a major opportunity for improvement and enhan 
ced efficiency. 
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MANUFACTURING CONTROL SYSTF.MS 

(Inventory, Cost and Quality Control) 

Introduction 

This note is concerned with the establishment of controls 
necessary for the conduct of effective production operations. It begins 
with an examination of the concepts and important elements of the control 
process. Then, for illustrative purposes, it briefly looks at three control 
functions which are vital to manufacturing: inventory control, cost control, 
and quality control. 

This discussion does not present a thorough and comprehensive survey 
of the broad area of production control of the three sub-areas selected for 
examination. Instead, it provides an introduction to the issues involved 
and assists in developing an approach to a broad spectrum of control 
problems. Other production control functions, such as those related to 
maintenance, workforce compensation and materials usage arc not covered, 
and no attempt has been made to explore all of the control techniques which 
are applicable to the three areas we will examine. Again, the emphasis 
is on the concept of control, not on the techniques. 

Concepts and Elements of Control Systems 

Control systems are oriented towards the achievement of 
specific objectives. They are regulatory in nature in that they result in 
action (or inaction) depending upon whether or not events are moving 
towards the desired objective(s) according to plan. The nature and ele¬ 
ments of a control system can be illustrated by examining a simple opera¬ 
tion—that of filling a glass with water from a tap. 

The process of filling a glass is a simple one. The tap is opened, the 
water flows, and at some point the tap is closed and the task is accom¬ 
plished. But let us look at what is actually taking place. 

First, ire have established an objective —to fill the glass. Even though 
we may not have stated it, our objective is probably even more explicit. 
For example, we also do not want to spill the water when we move the 
glass. 

Second , we have (probably unconsciously) established some standards . 
We have a good idea concerning the amount of time it will take us to fill 


186 


MANUFACTURING CONTROL SYSTEMS 


187 


the glass (related to the flow we expect from the tap and the glass size), 
and at least a colour standard relating to the purity of the water. 

Third ., we have an information gathering network. We have decided 
what we want to measure and how we will do it. In essence, we are collect¬ 
ing visual data as we observe the change in height of the water in the glass 
and as we look at the colour of the water. 

Fourth , we have a process for comparing our information with our stan¬ 
dards . In the case of the glass of water, this process occurs in our minds 
almost simultaneously with the preceding, but it is a distinct step. Here 
we are comparing the rate of flow with the one we had anticipated (our 
standard) and the actual colour with the expected. 

Fifth , we have some method to analyse the information we have just 
obtained in the comparative process . If the water is muddy, is it because 
mud was in the glass or because it was in the pipeline? Will it affect our 
health if we drink the off-colour water? If the water level is not rising fast 
enough, is it because the inflow is lower than anticipated or because there 
is a leak in the glass? If the water level is rising faster than we anticipated, 
is it because we misjudged the inside diameter of the glass or because the 
flow is too fast? Each of the discrepancies shown in our comparison 
(and occasionally even some of the comparisons which check out) should 
be explained (in the latter case, to make sure that we have really determined 
the cause and effect relationships). 

Sixth , we have some process to make decisions. The decisions will 
be objective-oriented. If we plan to drink the water (objective) and if 
the mud was in the glass (analysis), we may decide to rinse out the glass and 
refill it. If the mud was in the pipeline (analysis), we may decide to fill the 
glass as planned if the foreign material will not adversely affect our health 
(analysis) and we are very thirsty (objective). Otherwise, we may decide 
to shut the tap and do nothing further. If the water level is not rising fast 
enough, we might: (1) open the tap further, (2) patch the leak, (3) wait 
a few minutes longer, or (4) stop before the glass is filled. If the level is 
rising too fast, we might fill the glass in a shorter period of time or we could 
reduce the rate of flow. Each of these decisions will depend upon our 
understanding of the situation (i.e., the effectiveness of our analysis) and the 
objectives we have in mind. (Note that it is possible that we will suddenly 
have to redefine our objectives to include other aims which previously we did 
not think important. For example, we may have other demands upon our 
time and suddenly realize that we cannot wait as long as required to fill the 
glass. This is tantamount to adding an additional element to our original 
objective so that it now reads “to fill the glass to a point where the water 
won’t spill when the glass is moved and to do it within the available time 
constraints.”) 

Finally , we have a series of feedback loops . Some of these result in 
action such as rinsing the glass or turning the tap to reduce or stop the 


188 


PRODUCTION MANAGEMENT—TEXT AND CASES 


How. Others result in basic changes in the objective or the control system 
itself. If we want to drink the water but its appearance deems it to be 
unsuitable, we may cither abandon our original objective or may change 
it—c.g., and use the liquid to water a potted plant that sits nearby. If 
the water, although muddy, is actually drinkable, we may want to alter 
our colour standard. When we are all through, we may find that even 
though our standards and measurements matched, we have not achieved 
our desired objective. 

Perhaps this means that our analysis and decision-making process is 
weak. Perhaps we did not look at some of the elements which were cri¬ 
tical to success or failure. Perhaps the glass filled at the proper rate and 
the liquid was of the proper colour, but we used the wrong tap and filled 
the glass with carbon tetrachloride. It may not have occurred to us to 
check the colour, specific gravity or chemical composition (i.c., our choice 
of parameters to monitor was poor). Perhaps there were no water taps 
anyway, and our objective was unattainable. The feedback process alters 
the system, either by introducing the'physical changes needed to accomplish 
the task or by fine tuning the control process itself. 

Fig. 1 presents a schematic representation of the interrelationships of 
each of the seven elements described above. Each is vital to the control 
process. The first, identification of objectives, is, however, the basic start¬ 
ing point around which the rest of the system must be designed. Often 
the establishment of the objectives is considered to be distinct from the con¬ 
trol system. This view assumes the purpose of controls to be solely the 
achievement of a given set of objectives. The argument may be semantical 
in nature, but because of the intimate relationship between the objectives 
and the feedback from the control system, it probably makes more sense 
to view objectives as part of the system, even though the establishment of 
objectives will draw upon many considerations other than control. 

It is worth emphasizing a point mentioned in the fifth step above. 
Often today, we hear of “management by exception.” The process is based 
upon the principle that effective managers are too busy to wade through 
the reams of data generated in all phases of operations and their corres¬ 
ponding standards. Consequently, once comparisons are made, the major 
deviations between standard and actual are highlighted so that management 
can focus on these areas. Often the “in-control” items are not even 
reported. This process has obvious advantages with respect to efficient 
utilization of time and effort. However, it can also present problems 
since, by directing attention elsewhere, it may mark problems which cancel 
out and appear to be in control. For example, direct manufacturing cost 
for a certain product might have been right on target, yet labour cost may 
have been considerably more than estimated while materials cost was lower 
by an offsetting amount. If the only comparison made was between total 
standard cost and total actual cost, the need to re-examine labour perfor- 
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mance (lo determine whether standards are too low, labour is being used 
inefficiently, etc.) and materials cost (to discover whether our materials 
usage standards are too high, if quantity discounts are available, etc.) 
might be overlooked. 

The exception principle is, more often than not, a sound one. However, 
it docs entail risks. But these can be minimized by insuring that the con¬ 
trol system is responsive to management needs. For example, in addi¬ 
tion lo total direct manufacturing cost, we might monitor its components— 
such as labour and materials. In such a case, application of the exception 
principle would pick up the discrepancies mentioned above, although it 
might not indicate that one material component had become more expen¬ 
sive while another had become less so. 


Fig. 1 

Interrelationships Among Elements of Control Systems 



NOTE: HEAVY BLACK LINES REPRESENT FEEDBACK PORTIONS OF LOOPS 


INVENTORY CONTROL 

A critical element in the success of most manufacturing 
operations is the effective use and control of inventories. Typically, inven- 
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torics can be classified into three categories: finished goods, goods in 
process and raw materials (including purchased parts .and components). 
Associated with each arc different sets of objectives. 

Finished goods inventories are usually maintained for two purposes. 
The first is to satisfy market demand, and the size of the inventory, its loca¬ 
tion^), and its composition will be a function of the market service objec¬ 
tives of the company. The second is to provide an “unlinking” function which 
permits production schedules to achieve some degree of independence from 
the fluctuations of market demand. For example, seasonal demand peaks 
can be met by allowing inventory levels to fluctuate, while production rates 
are held constant throughout the year. Inventories build up during the low 
demand periods and are drawn down during the periods of heavy demand. 
In deciding whether to allow production or inventory levels to fluctuate, 
the cost clement usually plays a major role—how much does it cost to 
change production levels and how much does it cost to build up the 
•inventory required for a steady production rate. 

In-process inventories are necessary by definition in any manufactur¬ 
ing operation. They consist of items which are being worked on or which 
have been partially processed and are waiting for subsequent operations. 
In-process inventories also can be used to unlink production operations. 
For example, in a sequential manufacturing process, we can build up an 
inventory of items which have completed step 1 but have not yet gone to 
•step 2. Then, when we are ready to schedule the second operation we can 
•do it completely independently of step 1. 

Raw materials inventories serve a dual purpose. They insure that 
materials are available to meet the production schedules. They also pro¬ 
vide capability required to take advantage of quantity discounts or seasonal 
availability of products (such as many agricultural items). 

As we examine each of the above categories, we will have to keep 
•objectives firmly in mind. In almost all cases, a major element of the 
decision-making considerations will hinge upon the factor of cost. Whatever 
we do, we must do it within “reasonable” cost limits. In some cases, wc 
may decide what we want to do and then select a control system which will 
allow us to do it at the lowest possible cost. In other cases, we may explore 
various alternatives, and select the one which best maximizes a number of 
objectives, including both monetary and non-monctary considerations. 
Let us briefly explore each of the objectives listed above, remembering that 
“reasonable cost” is a part of each. 

Finished Goods Inventory 

INSURING A STEADY SUPPLY OF GOODS TO MEET CUSTOMER 

orders OR market demand. In many industries, customers desire quick 
delivery. This is especially true with respect to consumer products. Often, 
if a certain product is not immediately available on a retailer’s shelves, a 
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competitive brand of merchandise will be purchased. In some cases, the 
effect is temporary (the customer waits). In others, it may be permanent, 
as the customer buys the competitor’s products. In still others, the loss 
may have more widespread consequences as when an industrial user cannot 
get a replacement part for one of his machines and consequently cancels 
orders not only for the replacement part but also for additional machinery 
purchases. 

Vital to the establishment of a system designed to satisfy customer 
demand are answers to the questions: how much to stock and where to 
locate the inventories. These two decisions are closely related to one 
another. 

In deciding how much inventory to carry, a company must have some 
idea of future demand. However, as we have already discussed (refer to 
•chapter 7), forecasts are subject to uncertainty. A projection may 
indicate average sales of 5,000 units per week over the next six months. 
However, even if there were no seasonal patterns and if our total forecast 
proved to be accurate for the period, weekly sales would tend to fluctuate 
around a 5,000 unit mean. In one week sales might be 3,000 units while 
in another they would reach 7,000. The company may decide to carry 
stocks at the maximum anticipated level. This may be very expensive 
(c.g., carrying 7,000 units in inventory at all times). It also may not insure 
against stock-outs since unusual sales of 7,050 units may occasionally be 
booked. Often the cost of carrying various levels of inventory (5,000 
units, 6,000 units, 7,000 units, etc.) can be equated with the probability of 
stock-out at each of these levels (possibly derived from historical data). 
For example, the company may discover that it costs Rs. 3,000 per week 
more to increase inventory levels from 5,000 to 7,000, but that this reduces 
the probability of stock-out from 25 per cent to 5 per cent. It may now 
be possible to determine whether such a reduction (in terms of gained sales 
and customer good will) is worth the difference. 

Another factor which plays an important role in deciding “how much” 
is the procurement lead time (to be discussed in more detail below). In 
addition to fluctuations in customer demand, there may be fluctuations in 
the quantity and timing of inputs to finished goods inventories from manu¬ 
facturing. These also tend to increase risk. For example, let us assume 
that the warehouse normally receives delivery from the factory every week, 
and that based upon a demand analysis, it was decided that 6,000 units in 
inventory will be required for the 5,000 per week average demand. The 
warehouse then expects to receive 5,000 units from the factory each week 
so that, on the average, inputs to inventory equal outflows. But manufac¬ 
turing bottlenecks, machine breakdowns, or delays in transit may introduce 
uncertainty. Consequently, manufacturing may be able to deliver only 
4,000 units one week or a particular shipment may take 1J weeks. To 
offset this, a safety factor may be included in the warehouse inventory 


192 


PRODUCTION MANAGEMENT—TEXT AND CASES 


level. Perhaps we will decide to carry an additional 500 units to compen¬ 
sate for the delivery uncertainties. Again, an analysis of the probabilities 
is necessary to balance risks and costs. 

Often total inventory figures are watched carefully but information 
concerning the composition of the total is overlooked. In the situation 
described above, 6,500 units may actually be carried in inventory, but if 
all 6,500 arc of Model A, and the customer wants Model B. trouble can 
ensue. It is therefore necessary to think in terms of specific items or at 
least classes of items when talking about inventories. 

Finally, we must deal with the question of where to locate the finished 
goods inventories. Locating them near the market place may improve 
customer service since delivery will be faster, products which have been, 
damaged in transit from our plant to the warehouse can be screened out, 
etc. On the other hand, this may increase costs. Usually, the larger the 
number of warehouses, the greater the costs for management, floor space, 
etc. In addition, total inventory levels may have to be higher. If the 
market is supplied from one central location, random fluctuations around 
the mean demand for various geographical regions may tend to cancel 
out. For example, let us assume that demand in each of five regions is 
estimated at 1,000 per week. If, by chance, demand reaches 1,500 in one, it 
may be offset by a demand level of 500 in another. If the pattern is truly 
random around a 1,000 per week mean, demand would seldom reach 1.500 
simultaneously in ail five areas. Although the normal fluctuation (c.g., 
the range covering 90 per cent of the historical values) in any one city 
might be between 500 and 1,500, the normal fluctuation of the total (at the 
central warehouse) might only range from 4,000 to 6,000. Therefore, with 
6,000 units in the central warehouse, we reduce the chance of stock-out to 
5 per cent (half of the difference between 90 and 100 per cent), while 7,500 
units would be required to gain the same degree of protection under the 
separate depot system. The lower inventory costs may, however, also be 
offset by increased transportation costs since bulk shipments to the depots 
may be less expensive than shipping smaller quantities direct to the 
customers. 

unlinking oi- production from market demand. The second im¬ 
portant function of finished goods inventories is to allow flexibility in 
scheduling production by unlinking production from sales. We have already 
seen that inventories can compensate for random fluctuations around a 
mean demand level. But let us look at an even more unsteady pattern— 
one where demand is seasonal. Fig. 2 and Fig. 3 present two alternatives to 
dealing with the issue of extreme seasonality patterns. In the, first, inven¬ 
tory is used to absorb all of the market demand and production levels are 
held steady. In the second, production levels fluctuate with demand, and 
inventory level is constant. Naturally, in between situations are also 
possible. 
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FIG. 3 


UNITS 



The decision concerning the pattern to be used will largely be a func¬ 
tion of the company’s total objectives. If we look at cost, we must com¬ 
pare cost of maintaining high inventories^(Fig. 2) with costs of fluctuating 
production (Fig. 3). Th e inven tory costs include wareh ouse and sto rage 
charges, spoilage, the cost of capital, opportunity losses,-obsolescence y and 
(if we use large number of temporary workers in the warehouse) the cost 
of hiring, training, and laying off people in the warehouse operations. The 
cost of changing production levels also includes the expense of hiring and 
training of temporary workers, the cost of maintaining idle capacity in our 
permanent workforce during the slack periods, the investment in extra 
equipment required to meet the peak periods, etc. We will also have to 
factor in a number of intangibles such as effects on morale, loss of learning 
efficiency due to frequent changes in routine, etc. Such analyses must be 
performed before it becomes possible to state whether the pattern exempli¬ 
fied in Fig. 2 or Fig. 3 is preferable, since this will depend upon their 
contribution to the attainment of company objectives. 
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In-Process Inventories 

INSURING THAT MATERIAL AND PARTS ARE AVAILABLE FOR 
SUCCESSIVE PROCESSING INCLUDING ASSEMBLY AND PACKING. In the case 
of control of finished goods inventories we arc oriented towards satisfying 
the needs of our customers. In the context of in-process inventories, with 
respect to a particular manufacturing/processing department, the depart¬ 
ments that perform the succeeding operation become a customer. 

All goods or materials which have begun the transformation from 
the form in which they were purchased to the final end product are consi¬ 
dered to be in-process. All of the considerations discussed under the other 
two inventory categories arc applicable to in-process inventory considera¬ 
tions. However, the un-linking function deserves more elaboration. 

Often, within the production process, we encounter branches, i.e., 
products do not become differentiated until late in the manufacturing 
sequence. As an example, we may produce only 4 different chair-frames, 
but we may, by using 10 different upholstery fabrics, convert these into 
40 different final products. It is often possible to achieve economies similar 
to those discussed above with regard to central vs. decentralized inventory 
locations by producing the frames to inventory and only the upholstered 
chairs to order, etc. This also can provide savings by permitting larger 
lot sizes for frame manufacture. 

Keeping the set-up costs in view, the optimal production lot size and 
hence the in-process inventory can be so determined that total annual 
incremental costs (set-up costs plus inventory carrying costs) are minimal. 
This aspect has already been covered in chapter on Production Planning and 
Control. 

Another type of unlinking function of in-process inventories occurs 
where a preceding operation takes more or less time than a succeeding one. 
By building up inventory at operation 1, we can perform both steps at 
their maximum rates. When we schedule tasks in batch lots we are, in 
essence, doing just this. 

Considerations concerning in-process inventory are somewhat differ¬ 
ent in* an assembly line operation. We can often use inventories to give 
us greater freedom of layout. Assume that operation A must precede 
operation B and that, at each station, the task must be completed in one 
minute. The two operations could be located adjacent to one another. 
The instance operation A is finished, the item is passed to operation B. 
Here, the inventory “buffer” does not exist. However, we may want to 
separate these operations (for example, one may require special environ¬ 
mental conditions). If the two stations were linked with a conveyor belt 
which moved at a pace of 200 feet per minute, we could still maintain out¬ 
line production by carrying one unit on the conveyor for each 200 feet of 
length. If the conveyor were 1,000 feet long, we would require 5 units of 
buffer stock, etc. In this manner, operation A would still feed one unit 
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per minute to the belt, and operation B would remove one unit every minute, 
but each unit would remain on the belt for 5 minutes. The in-process inven¬ 
tory is then a function of the pace of operations and the length and speed 
of the conveyor. We may be able to trade off one against the other to 
best achieve our objectives. 

In most instances, in-process inventory will shrink along the way. If 
we want to get 100 good units out of a system we may have to start with 
110. Here again it is important to establish objectives, standards, and 
measures. If we start 110 and actually end up with 105, we may increase 
inventory costs. If we end up with 95, manufacturing costs may be inflated, 
and customer serviceability may be diminished. Careful analysis is required 
to determine our start quantity. 

Raw Materials Inventory 

INSURING STEADY INPUTS TO THE PRODUCTION PROCESS. The • 
subjects to be discussed below are applicable to all categories of raw 
materials. They are examined under this section only because they can be 
easily visualized from the viewpoint of the purchaser. 

In order to maintain production schedules, certain materials have to 
be available at certain times. Let us look first at the most simple situation— 
where our usage is uniform, no uncertainty exists, and we can get instan¬ 
taneous delivery. Fig. 4 represents such a situation. 

Fig. 4 

Quantity 



P 


Note that this is exactly analogous to the situation described in the note on 
production planning (see page 179). In the case of raw materials or 
purchased parts, we can calculate Q (the most economic order quantity) 
from the formula: 

2 = S/W 

Where S is interpreted to be not set-up cost, but t he cost of placing an ord er 
fo x inve ntory. A is still the annual, usage, and rCx epresenLs .the.annual 
cost of carrying "one unit in inventory. The system is relatively simple. 
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Assume lhal our objective is to minimize the cost of carrying inventory 
while, at the same time, avoiding the possibility of a stock-out. Our stan¬ 
dards include the expected usage rate and the expected (instantaneous) 
delivery time. Our measurement process involves periodic counting of the 
number of units remaining, and our decision rule is to order Q units 
every time inventory level hits zero. Since our definition of the problem 
has eliminated uncertainty, there is no need to compare actual with standard, 
or to analyze the differences as they will not exist. In this case, our order 
point is O (order when inventory reaches zero), our order quantity is Q, and 
the order period “P” (the time between orders) is 52 /(A/Q) weeks. 

Fixing Rc-order LeVcIs 

Let us introduce a slight complication. Assume that it 
takes p weeks to obtain our order. In other words, when we place our 
order for O units, p weeks elapse before the units arrive. The effect on 
our simple model (see Fig. 5) can be easily calculated. 

FIG. 5 

QUANTITY 


ORDER 

POINT 

( P 5l) °( 


The usage rate (in weeks) is A/52. Since there will be a delay of p weeks, 
p. A/52 units will be consumed during the replenishment period. The new 
order point then becomes p. A/ 52. For example, if our weekly usage were 
50 units and it took three weeks to receive delivery, we would place our 
order when our inventory level reached 150 (=3x50). The order period 
remains the same, but it has been displaced p weeks to the left. 

In the above example, when we say that we should re-order when the 
inventory level reaches 150 we are assuming that the inventory level is at 
least as high as 150 and that it goes on depleting at a rate equal to the usage 
rate. In the system where quantity ordered is the Economic Order Quantity, 
it is possible that such a quantity might be less than the consumption during 
lead time (the period between placing an order and receiving the quantity 
so ordered). Suppose for the example cited above, the EOQ is 100, as 
long as consumption rate is normal, or above normal, the stock level of 150 
may not be reached at all. At what sock level should we re-order assuming 
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that we place orders guided by the stock on hand rather than at specified 
intervals? 

For the situation described above, it is obvious that an order should 
be placed one inventory cycle earlier. The re-order level can be determined 
as follows: 

(a) Draw to scale, inventory replenishment and consumption cycles 
[for the example under consideration the replenishment quantity 
(which is the economic order quantity) is 100 and consumption 
cycle is two weeks at 50 units per week]. 

(b) Draw a line parallel to A"-axis from a point representing quantity 
equal to the lead time consumption—in this case 150. 

(c) Project the consumption line for a cycle backwards to cut the 
line drawn as explained in (b), and drop a vertical line to cut the 
consumption line of the previous cycle. From this intersection, 
now project a line to the y-axis. The value corresponding to 
where this line cuts the y-axis is the inventory level at which 
there should be a re-order. The procedure is shown in Fig. 6 
below. 


Fig. 6 



TIME (Weeks) 

For the example under consideration, it may be seen that the re-oxder 
level is 50 units which is lead-tim e consumption minus the EOQ L , In other 
words, if .the lead time consumption is P and the order quantity is <9,. .the 
re-order point wjll be at P—Q. 

Supposing we take a slightly different situation, namely, that the order 
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quantity in relation to lead time consumption is such that order has to be 
placed two cycles in advance (e.g., if the EOQ is 60 and consumption rate 
and lead time remain as before), the new re-order point would be atF—2<2, 
i.c., 150—2x60=30. Similarly if order has to be placed still one cycle 
earlier the re-order level will be at inventory level of P—30 and so on. 

From Fig. 6 we see that a re-order placed at enables the stock 
to be replenished only at the end of the next cycle, BC, and this quantity 
will be depleted during the two-week cycle represented by CD. 

In situations where order quantities arc less than the lead time consump¬ 
tion, it can be seen that when consumption falls below normal or replenish¬ 
ment comes earlier (even though it may be a purely random phenomenon), 
the re-order point P— Q may not be touched, because the inventory level 
will be higher. However, it is obvious that if the inventory level is above 
P— Q y with a fresh replenishment by quantity Q, the inventory level will be 
P or more. When this happens we could use P as the re-order point. Thus 
we will be having two re-order points, P and P—O , one of which could be 
used as would be relevant depending on the rate at which inventory deple¬ 
tes or builds up. It may be noted that if assumptions on lead time and 
consumption rate are reasonable it is unlikely that P would become the 
operating re-order point excepting occasionally. 

In actuality, however, our usage rate will not be constant and abso¬ 
lute. It will vary. Let us turn back to the example where our order was 
delivered immediately and look at the impact on our inventory pattern 
when the usage rate varies from period to period (see Fig. 7). 


FIG. 7 



In this case, the order period changes continuously depending upon the 
usage rate. However, the order point and order quantity remain unchang¬ 
ed. Note that each illustration so far has contained a constant order 
quantity. The only thing we have varied is the re-order period. 

We can change the process by selecting a maximum desired inventory 
position and a constant re-order period and by changing the order quantity. 

Under this system, inventory is examined periodically and orders are 
placed for that quantity which will bring inventories up to that maximum 
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level. Note the contrast between this pattern (Fig. 8) and the pattern 
illustrated in Fig. 6. Also, that it is now possible to have a stock-out. 

FIG. 8 



TIME 


A broad spectrum of intermediate possibilities exists. We can keep 
both our order period and quantity constant, or we can vary either by any 
relative amounts we desire. In each case, however, the procedure we use 
should be a function of our objectives. 

The problem becomes more complex as soon as we introduce uncer¬ 
tainty concerning the quantity and timing of deliveries. In a more realistic 
situation, we have both fluctuating usage requirements, and fluctuating lead 
times. Let’s look at each of these in turn. 

First, let us assume an average usage of 500 per week which fluc¬ 
tuates in a random pattern, sometimes going as high as 600 per week, and 
sometimes as low as 400. Standing orders have been placed for 500 units 
per week. Orders require one week lead time for delivery, but they are 
always delivered on time. Fig. 9 presents a possible representation of 
this situation during a four-week period. Note from the figure that we 
will run out of material for the period t during the second week unless we 
maintain a safety stock of at least O units to carry us over the period in 
which our usage is very high or we estimate usage requirements a week in 
advance and order the amount we require. In each case, we incur risk. 
Generally, since lead times are also uncertain and it is difficult to forecast 
usage accurately, safety stocks are employed. Costs of carrying safety 
stock can be equated with the cost and probability of stocking out to 
permit selection of the best alternative. 

For example, we might discover that an extra 100 units in inventory 
(over and above the 500 average usage) will reduce our chance of stock-out by 
50 per cent. We can then compare the cost of carrying the extra units with 
the expected savings to decide whether or not such a step would be worthwhile. 
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FIG. 9 



Fig. 10 modifies Fig. 9 by adding the safety stock. These calculations 
can be made for various inventory figures until we find the point where the 
cost for carryingan additional unit of inventory equals the savings in stock¬ 
out cost This'will give us the safety stock we should carry (assuming that 
the stock and risk we will incur at this level is acceptable for other reasons). 
We have to run similar calculations to increase the safety stock to compen¬ 
sate for variations in lead time and delivery quantity. This can become 
complex, but the computations are usually worthwhile. 



As soon as we introduce uncertainty (or reality), we can see the need 
for our control system concepts. Required are not only a set of objectives, 
standards (such as usage rate) and measurements (e.g., checks on inventory 
levels), but also running comparisons between standards and actuals, and 
analyses of differences to make sure that decision rules are still sound. If 
decision rules are based on two-week lead times serious difficulty may arise 
if a permanent shift to 3 weeks occurs and this is not incorporated into 
the rules. We must be sure, however, that the shift is not just temporary. 
Also, such changes may affect our cost structure to such a degree that we 
may want to reconsider our objectives. Suppose that we want to be able 
to fill 95 per cent of customer orders within one week’s time; if lead time or 
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demand patterns change sharply, it may become too expensive to meet these 
specifications and we may have to change our objective accordingly. 

Safety Stock 

If we know (or we can assume) the frequency distribution 
for the lead time consumption, we can fix safety stocks such that stock¬ 
outs will occur only during a small percentage of time. For instance if the 
lead time consumption has a normal distribution, a safety stock of two times 
the standard deviation will ensure that there will be no stock-out during 
97. 5 (i.e., 95 plus i x 5) per cent of the time. The normal lead time consump¬ 
tion plus the safety stock worked out as above will give the new re-order 
point. 


Quantity Discounts 

Suppliers of raw materials and components often give 
quantity discounts if sufficiently large orders are placed. For example a 
supplier may quote the price as (a) Rs. 1.2 per unit if bought in quanti¬ 
ties less than 500, (b) Rs. 1.1 per unit if 500 or more are bought at a time, 
and (c) Re. 1 per unit if orders are placed for 2,000 or more and so on. 
In such situations the buyer should aim at minimising the total cost of 
purchases for the year’s requirement. The total cost would include cost of 
placing orders, cost of carrying inventory and the purchase cost of the 
materials. The total cost could be expressed as 


where 


tc- a 4+U- 


CA 


A = annual requirements 
R = ordering cost 
Q = order quantity 
C = unit cost 

r = per cent representing inventory carrying cost 


The approach to find out the order quantity that gives minimum total 
cost per year is as follows: 


1. Using the least unit cost (and the ordering cost and inventory 
carrying cost), calculate the economic order quantity. See if this 
falls within the quantity range for which it is calculated. If not, 

2. find the total cost for each price break, i.e., taking order quantity 
at the minimum of the range of a particular price. 

3. Calculate the economic order quantity using the other unit prices. 

4. From Step 3 see if order quantity, falls within the relevant range 
for the price considered. For the valid order quantity, calcu¬ 
late the total cost. 
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5. Pick that as the minimum cost order quantity for which the total 
cost is the least. 

In many eases orders for materials may have to be placed only during 
limited periods (c.g., in the case of imported items for which import licences 
may have to be obtained once or twice a year before a set date). In such 
cases it may be necessary to purchase large amounts while it is possible. 
Such decisions, however, should be based on economic analysis. Otherwise 
it is likely that the cost of carrying the scarce material in inventory may be 
greater than the profit that may be achieved. 

Some firms use raw materials inventories for speculative purposes. 
They stock more than they need under the assumption that risks are small 
(they will eventually need the material and the worst that can happen is 
that they incur extra inventory carrying charges) while there may be an 
opportunity for large speculative profits by reselling the excess at later 
periods when the market is tight. 

Stock Control Systems 

The most simple inventory control systems are visual 
in nature. Periodically, some may check the stockroom, decide whether 
there is enough of something, and place any orders required. The standard 
is “some concept of enough,” the measure is the visual“estimation” and the 
comparison, analysis and decision-making processes lead to certain orders 
being placed in certain quantities. 

More sophisticated systems may record all inputs to and outputs 
from the stock areas, locations, usage rates, running totals on what is cur¬ 
rently in stock, etc. Often cardex files are used. In addition, decision rules 
may be very specific, with trigger points (order quantities or periods) care¬ 
fully identified. As the stock-keepers run their checks (i.e., take measure¬ 
ments), the decision rules trigger specific actions. These checks can be 
made either periodically or every time there is an addition or deletion from 
stock. The records can also be used to monitor stock losses (e.g., due to 
theft). 

Inventory control systems can be as simple or elaborate as desired. 
Again, cost considerations will determine how complex they should be. 
Often, several different systems will be used within the same company. 
Sometimes this is because of lack of communications, but other times it is 
planned. The planned differences usually reflect the fact that different 
items have different control requirements (at least on an economic basis). 
For example, if we are a refrigerator manufacturer, we probably want to 
keep close track of the number of compressors we had in stock. On the 
other hand, we may be much less concerned about the quantity of a certain 
size screw. This does not mean we can ignore the latter—if we run out of 
screws, wc may not be able to produce finished products, just as if we had 
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run out of compressors. But because screws cost less, take up less space, 
and arc less subject to damage, we may order several months’ supplies at 
a time, whereas we probably want to keep our compressor supply as low 
as is economically justifiable. 

A common means for dealing with this problem is called ABCing. 
Typically, if we select any criterion for classifying items (e.g., total value of 
yearly usage, total value of an individual unit, size, weight, etc.) we will 
find that a small number of items rank very high on our rating scale while 
a large number rank very low. For example, we may carry 5,000 items in 
inventory, but find that 50 represent 60 per c nt of the total value of inventory> 
that another 100 account for an additional 30 per cent, and that 4,850 account 
for the remaining 10 per cent. Ifwechosc to use value as the criterion (and it 
need not be value—perhaps in some situation, volume is more important)* 
we might want to exercise very close control over those first 50, (A) items, 
somewhat looser control over the next 100, (B) and relatively loose control 
(just to insure that we don’t stock out) over the C items. ‘A’ items might 
be purchased only when a specific order was on hand or under negotiation. 
‘B’ items might be purchased according to order quantities and periods 
derived from careful analysis of usage and lead time data, while ‘C’ items 
could be purchased in large quantities anytime the stock-keepers noticed the 
supply was low. 

An important element of the control system must be its feedback loops 
(or internal communications). Information concerning differences between 
planned and actual usage rates or lead times is needed to evaluate and revise 
the structure of the system and existing decision rules. As much advance 
notice as possible must be given concerning any deviations in the original 
assumptions (e.g., a large unexpected order). Furthermore, since inventory 
policies have to be set at a relatively high level in the company (at a point 
where financial, customer service, production, and supplier considerations 
can all be seen), such data must be communicated to top management to per¬ 
mit re-evaluation of objectives and policies in the light of new information. 

COST CONTROL SYSTEMS 

One of the most striking enigmas in many business firms is 
that although they have economic goals and objectives, cost data are conceal¬ 
ed so that the production functions are often performed in ignorance of 
the economic consequences of particular actions. Often cost data are view¬ 
ed solely as the private property of top management—to be used in com¬ 
puting the bottom line on the profit and loss statement after the fact. 
Too often they are neglected as a way to achieve or increase profitability. 

The key to effective cost control is the establishment of meaningful 
standards and an effective reporting system. These can then become the 
basis for sound action. Let us look at each of these elements. 
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Standards 

The establishment of cost standards is essential for cost 
control. Unless one has an idea of what expenses should be, it is very diffi¬ 
cult to determine whether or not operations are being conducted efficiently. 
Basically, cost standards in manufacturing can be broken into categories 
relating to material, labour, and overhead. Each of these must be treated 
somewhat differently. 

Material standards are probably the easiest to establish, since mate¬ 
rials and quantities usually can be identified with specific products (this 
may not be so in a complex chemical process where a basic raw material 
ends up as several products plus some wastes). Standards are often estab¬ 
lished for both usage and price: how much of the material will be used in 
each finished product or batch, and how much should the material cost 
per unit. By multiplying the two figures together, a standard cost for 
materials can be established. 

Labour standards present several added complications. In many 
cases, we can associate labour inputs directly with the manufacture of a given 
product. For example, it may take a worker 30 minutes to assemble one 
part. The cost of 30 minutes of his time should be attributable, therefore, 
to the cost of that product. However, what is the cost? The basic wage? 
The basic wage plus other monetary benefits? Total monetary compensa¬ 
tion plus some estimate of the cost of non-monetary benefits such as subsi¬ 
dized housing or medical treatment. Probably the most workable posi¬ 
tion is to assign those costs which are directly measurable and attributable 
to the production task. This would favour the middle position, especially 
since the exclusion of monetary benefits such as dearness allowance would 
•create major distortions in the cost of labour. 

As with materials, two separate standards are often computed for 
labour. The first indicates the expected time to complete a particular job 
(i.e., the 30 minutes). Time study, pre-determined time standards, past 
historical data, or just general estimation can be used to set such figures. 
The second is the standard wage rate. In many cases, however, people 
working on the same job will be receiving different rates of compensation 
(e.g., due to seniority). To simplify calculations, average labour rates are 
often used. 

Another complication associated with labour results from the fact 
that most of the work done in a manufacturing installation cannot be tied 
to particular products—the people cleaning the floor, the materials hand¬ 
lers, the time a worker spends waiting for the materials to be delivered to 
him or for his machine to be repaired, etc. Such costs are usually assigned 
to that function to which they relate. Instead, therefore, of trying to 
•establish standards for how much “cleaning time” should be attributed to 
a unit of product A or B, standards can be computed indicating how much 
time should be spent each week on cleaning. Then, standards to accom- 
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plish certain cleaning tasks and standard wage rates can be established to 
control cleaning costs. We might refine these standards in such a manner 
that we do not have to revise our standards every time we change the 
cleaning task (c.g., in minutes per 1,000 square feet of floor space). 

This leads directly into the final category of overheads. The labour 
costs which cannot be directly attributable to production (indirect costs) 
are, in reality, overheads. The same is true of the cost of supervision and 
management, of the cost of our maintenance, design engineering, quality 
control, and production planning departments, of heat, light, stationery, 
and telephone. Again, we can try to allocate these expenses to individual 
products and establish standard costs in terms of so much per unit of out¬ 
put. However, this process can be very misleading. The allocations arc 
arbitrary, and two individuals may use different bases for allocation which 
come up with very different results. Exhibit 1 presents such a situation 
where two such allocations have been made, one based upon man-hours 
and the other based upon floorspace. Note the conclusions drawn by the 
process, both of which are incorrect. 

Again, for control purposes, the guideline is to assign costs to those 
units in which they arc best controllable. We can probably best control 
design costs not by establishing standards for each unit of product A 
produced, but by estimating the workload of the design department and 
establishing standards for its effective operation, etc. This does not 
mean that we will not consider such costs when we set a price for A. It 
does mean, however, that the control system and the pricing system 
should be considered as separate entities. Neither suitably accomplishes 
the objectives of the other. 

Before leaving the subject of overheads, it should be mentioned that 
some overheads are variable. If we examine electric power consumption 
in a plant some is attributable to the operation of machinery which is pro¬ 
ducing parts. In such cases, it may be possible to assign the cost to the 
products manufactured (c.g., so many kw. hours per batch). However, 
electricity will also be used to light the factory and offices, to operate type¬ 
writers, etc. These expenses are not directly attributable to production. 
Probably the soundest rule for deciding upon the treatment of such items 
is our old economic analysis principle—if it is going to be useful to split 
out the variable portions (e.g., incur the cost of installing extra meters) then 
it should be done. If it is not worth the effort, electricity should be consi¬ 
dered an indirect cost. This will depend upon the cost imeurred to obtain- 
measurements and the size of the particular cost element. 

Uses of costs for various decisions have been dealt separately in the 
chapter “Analysis of Costs for Decisions.*'’ Examples arc also given illus¬ 
trating what costs are relevant in which situations and how to distinguish 
between different cost elements. 
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Reporting System 

Once standards have been established, a meaningful way 
to report cost data must be found. Although cost data is often considered 
to be the domain of top management, often the critical decisions affecting 
cost levels arc made further down in the organization. Costs arc influ¬ 
enced by the effectiveness of scheduling, the care with which the workers 
handle the products, the amount of training they receive from the foreman, 
the care taken in using raw materials, the speed at which the workforce 
operates, the sharpness of tools, the ability of the maintenance people to 
keep things going, etc. Unless the managers who are making decisions at 
these levels can see the consequences of their actions, it is difficult for them 
to act in the best interests of the company. Too often top managements 
make the assumption (or at least imply so by their actions) that people arc 
not interested in doing a good job. Yet studies around the world indicate 
that, given the proper motivation, most people want to do the best they 
can and want to take pride in their accomplishments. 

Perhaps the most important principle relating to effective cost control 
is that cost data should be reported at least to that managerial level where 
decisions are being made that affect the particular cost element concerned. 
For example, the foreman should receive information comparing standard 
labour costs with actual. Only then will he be able to take effective action 
to keep costs in line. He must get this information quickly. It docs little 
good to tell him about something he should have done three months ago 
after it is too late. He needs to know more than just the fact that his costs 
are too high. He needs the details. 

On the other hand, it is senseless to hold the foreman responsible for 
depreciation charge levied by the accountants against his equipment. He 
cannot make the charges go up or down. The only people who can arc top 
managers (i.c., they can buy new equipment or sell the old, thereby changing 
the figures). The responsibility for the incurrence of such costs should, 
therefore, rest with the top management. They may or may not be provided 
to the foreman for information purposes. In all cases, costs should be 
reported to the people who have the authority to change them—and it is 
axiomatic that unless the individual has the authority, he should not be held 
responsible. 

The reporting of cost information to the lowest action levels is a very 
effective management development tool. Not only docs it provide lower 
level managers with a chance to view the consequences of their actions and 
to modify operations accordingly, but it also provides an effective way for 
top management to measure the performance of lower level supervision. 
This is especially true if lower level supervisors participate in the establish¬ 
ment of the standards. Top management should expect and receive explana¬ 
tions (and plans for corrective action) concerning any deviations from stan¬ 
dard which do occur. 
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Cost data should be broken down into the most meaningful categories 
and time periods. For example, it may be desirable to inform a foreman 
only what his total labour cost was for the week or month. In other cases, 
we may want to supply the information by products. In still other cases, 
labour cost might be broken down to identify set-up time, idle time, opera¬ 
ting time, etc. Similarly, some costs may be reported on a weekly basis, 
while others are reported only once a month. The criterion should be 
“what information docs the man best need to perform his task and when 
does he need it.” 

The exception principle can be used to good effect here. Major 
deviations from standard can be highlighted. Often, such deviations can 
be broken into casual elements, some of which may be attributable to differ¬ 
ent managerial levels or functions. For example, high material costs may 
be attributable to the use of too much material, in which case, the foreman 
would be expected to take action. On the other hand, the increase may 
have been due to a price rise in which case it is the purchasing department’s 
responsibility. We should not hold the foreman accountable in the latter 
case, any more than we would hold the purchasing department accountable 
in the former. 

The exception principle has its risks. If we were only reporting total 
materials cost, a rise in usage rate may have been offset by a decline in 
price. Although major changes had taken place (of which the usage rate 
change would require action), our system might signal that all was in order. 
Again, we must decide how detailed we want the system to be. If we re¬ 
ported both usage and price variance (i.e., deviations from standard), our 
system would be sensitive to such changes. But this increases its cost and 
complexity. 

Often, multiple budgets (these projects are really cost standards) are 
prepared using different assumptions concerning levels of operation. For 
example, direct labour cost may be budgeted against different activity levels— 
c.g., production of 1,000, 1,500, and 2,000 units per week. The figure from 
the proper “step” would then be applied to compare actual against budget 
for any given period. Such step budgets eliminate long analytical and 
explanatory processes when they do not really need to be made. For example, 
if output increases by 50 per cent (from 1,000 to 1,500) and direct labour costs 
increase by 30 per cent, the production manager might be congratulated, 
not bawled out. Even though his labour costs were budgeted at Rs. 10,000 
per month and he actually spent 13,000, the step budget might show that an 
increase from 1,000 units per week to 1,500 should have increased labour cost 
to Rs. 14,000. Instead of asking the production manager to justify why (and 
all other managers whose costs also rose because of the unexpected volume), 
we can shift our attention to one factor—the production rate—to deter¬ 
mine why the jump, and its long run implications and consequences. In 
essence, the step budget lessens the chance that top management will throw 
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the entire organization into a panic every time there is a major change. 

Cost Reduction 

As previously mentioned, an effective cost control system 
works best when timely information is supplied to those managerial levels 
at which direct action can be taken to influence the cost-producing elements. 
These should be the lowest levels possible in the company (those closest 
to the cost generation function). However, unless recognition is given to 
managers for formulating good plans and standards, for keeping costs 
low, and for taking effective action to eliminate any problem situations,, 
much of the effectiveness of the system will be lost. Rewards should con¬ 
sider cost control responsibilities, and top management must emphasize 
these as important elements of the job. Top management sets the example, 
and unless it ascribes importance to such functions, it is unlikely that anyone 
further down the line will. 

One very useful means of elevating the importance of cost reduction 
and, at the same time, making efforts more effective is by the establishment 
of cost reduction teams (possibly as part of an overall effort including a 
suggestion plan). Often, the managers concerned with day-to-day opera¬ 
tions are too involved in what they are doing to be able to see major cost 
savings areas. A foreman may be concerned with keeping his utilization 
of a certain material within standards, when the most profitable avenue for 
the company might be the elimination of that material or its replacement by 
a more economical one. Unless ways are found to bring people together 
to look at such situations (the design engineer, the manufacturing special¬ 
ist and the purchasing agent, for example) the mix of knowledge necessary 
to see such opportunities may never crystallize. Consequently, companies 
often establish cost reduction teams (usually as a part-time committee 
assignment, but sometimes as a full-time function) to look at such situations 
with fresh and detached viewpoints. 


QUALITY CONTROL 

Because of its importance in the manufacturing process, 
some mention needs to be made of quality control systems. However, 
because of lack of space it will be presented here in very brief form and only 
to illustrate other aspects of control systems which have not been discussed 
previously. 

The maintenance of quality is a vital clement in satisfying customer 
demand. The term “quality” is subject to varying definitions depending 
upon the customer and his needs; however, everything is produced according 
to some quality standards, be they high or low, explicit or implied. Once 
again, the design of the system necessary to attaining the standards will be 
a function of trade-offs between complexity (cost) and results. This does 
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not always mean that higher quality costs more. On the contrary, often 
quality improvements can be accompanied by cost reductions, and “U- 
shapcd” relationships between high quality and cost are common (see Fig. 11). 
At first, as quality is improved, costs come down. Then, as we get into 
very precision operations, they start to increase again. 

The function of quality control contains all of the elements found in 
the other control systems, except that standards and measurements lend 
to be more precise (c.g., we may measure surface uniformity of a machined 
part in terms of millionths of an inch, and our standards may be specified 
in the same units on blueprints), methods of analysis tend to be more quan¬ 
titative (statistical techniques are used widely), and decisions are more often 

FIG. 11 



a machine). Otherwise, the basic concepts are identical. 

There is one area, however, where major philosophical arguments 
enter into the determination of the structure of the quality control system— 
this focuses around the issues of authority, responsibility, and trust. There 
is little dispute over the primary responsibility for quality—the producer 
is responsible for meeting the quality specifications. The issue centres 
around authority to make quality decisions. Should the same person 
who makes the product and is responsible, for example, for its cost (the 
foreman or production manager) be allowed to decide whether or not a 
unit of output should be rejected? 

The view that says “no” is based upon the assumption (unfortunately 
often supported by historical data) that people cannot be trusted. However, 
as in most cases, one must show a willingness to trust before the feeling 
is reciprocated in trustworthy action. Often, companies get into cyclic 
situations where, because they do not trust lower level managers, they foster 
an atmosphere which lends to confirm their fears. In many cases, the 
argument for separating the production and quality control functions really 
reflects the inadequacy of top management to properly motivate the organi¬ 
zation. 

The second view assumes that people want to do a good job. If they 
understand the goals and objectives of the company, if they are given the 
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technical capability to perform the quality control task, and if the reward 
system is balanced (c.g., it focuses on contribution to overall company 
goals including both cost and quality, for example), there is no reason to 
doubt that lower level managers will not exercise both the production and 
the quality control functions well. 

Often the quality control function is seen as a screening process— 
one designed to cull out poor products before they are shipped. However, 
the major benefits from a well-designed system usually come from the 
elimination of defects before they occur. For example, inspection informa¬ 
tion can be used in feed-back loops to correct the causes of quality problems. 
Furthermore, it is often possible to use such information to prevent poor 
quality before it happens (e.g., measurement of dimensions may indicate 
changes due to tool wear which can be corrected before the tool wears so 
much that production goes out of specification). 

A quality control effort should be total. Under total quality control 
it is not only the production people who arc responsible, but the design 
engineers, the marketing specialists, and every one who has anything to do 
with the final form of the product. By exercising care and by stressing 
quality consciousness at all steps, companies can best produce products 
which meet quality specifications. 
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Exhibit I 

Logical Errors Which Can Be Made by Allocating Overheads to Products 
(Simplified example assuming only 2 products) 


Product 



A 

B 

Manhours required 



10 

5 

Hourly rate 



Rs. 4 Rs. 

4 

Materials 



Rs. 20 Rs. 

20 

Floorspace (sq. ft.) 



500 

1,000 

Market price 



Rs. 78 Rs. 

53 

TOTAL 

COMPANY 

OVERHEAD =Rs. 30 


Cost under assumption that overhead 

Cost under assumption that overhead 

is best allocated by manhours 

is best allocated by floorspace 


A 

B 


A B 

Labour . 

40 

20 

Labour 

40 20 

Material 

20 

20 

Material 

20 20 

Overhead 

20 

10 

Overhead 

10 20 

TOTAL 

80 

50 

TOTAL 

70 60 

Price 

78 

53 

Price 

78 53 

PROFIT 

(2) 

3 

PROFIT 

8 (7) 

There may be a tendency in this case to 

There may be a tendency in this case to 

decide that product A is unprofitable, and, 

decide that product B is unprofitable, and. 

therefore to eliminate it. Note, 

that with 

therefore to eliminate it. Note, that with 

both product A and B, total profit for the 

both product A and B, total profit for the 

company is Re. 1. 



company is Re. 1. 


Profitability if A is eliminated 


Profitability if B is eliminated 



B 


A 

Labour 


20 

Labour 

40 

Material 


20 

Material 

20 

Overhead 


30 

Overhead 

30 

TOTAL 


70 

TOTAL 

90 

Price 


53 

Price 

78 

PROFIT 

(17) 

PROFIT 

02) 


Mote that in both cases, the result of eliminating one product is to move the company 
from a profitable position to a loss position. That is because each product was contri¬ 
buting towards covering fixed overheads. This contribution (price—direct labour and 
direct materials cost) is 18 rupees in the case of A and 13 in the case of B. If either is 
•eliminated, we cannot cover our Rs. 30 fixed overhead charge. For this reason, it is 
often useful to think in terms of contribution to fixed overhead when considering 
manufacturing decisions. 















Case Studies for Part Five 


OMEGA PHARMACEUTICAL COMPANY, LTD. (A) 

production director: “We have found that the sales 
forecasts which are prepared by our marketing people are always 
on the low side. Whenever we adhere to the forecasts, production 
is thrown into chaos by mid-year as a result of ‘urgent and unanti¬ 
cipated demand.’ Schedules have to be changed, and wc have 
to start searching the country for raw material (and much of 
the imported material is often unavailable). To compensate 
for this, in recent years we have been using the sales forecast 
only as a general guide, and have been adjusting all figures 
upward for production scheduling purposes. My department 
heads and I go over the forecast and increase the numbers by 
anywhere from 20 to 50 per cent. I would guess that 30 per 
cent would be the average. We then use the larger figures for 
scheduling production, but for many products, this is still not 
enough. Only rarely do we have excess inventory at the end 
of the year, but even in the few cases where this has occurred, 
we have been able to sell it in the first few months of the following 
year by altering our schedules to reduce production of the items 
involved.” 

purchasing manager: “I am forced to gamble and to place my 
head on the block every day. If I purchased materials accor¬ 
ding to the requirements of the production schedule, I don’t 
know which would come first: losing my job, or a nervous break¬ 
down. Some of our imported raw materials require 12-18 
month lead time because of government licensing procedures. 
When production people decide that they want to increase the- 
schedule, I can’t just send a. wire and have the material delivered 
within a few days. Since production invariably cries for more 
material, I have to buy much more material than the schedule- 
calls for. I take the individual products and break them down 
into raw materials requirements and combine these [i.e., where 
two products use the same ingredient]. Once I have the total, 
I usually add a safety factor. This varies, depending upon past 
experience, and I sometimes go as high as 100 per cent. So 
far I have managed to cover most of the major requirements by 
using this method, but I often just scrape by, and on less important 
products, I often run out. 
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“I have only had one close call so far. I know that production people 
change the sales forecast for their own protection, so by the time 
I make my adjustments, the numbers are substantially in excess 
of the sales forecast requirements—but this is necessary. In 
this one instance, the sales forecast included a nationwide sales 
promotion effort on a major product with a substantial imported 
material content. After I had received the material in the ware¬ 
house, they decided to drop the product from the line, and I was 
literally left holding the bag—many thousands of rupees worth 
of bags. Fortunately, there is always a market for imported stuff 
so we were able to sell the material, and we did not come out 
too^badly. But next time we could be in trouble.” 

The two statements quoted above were made to the case-writer by 
managers of the Omega Pharmaceutical Company. They were given in 
response to the question “What do you consider to be your major problems?” 
The following case presents a description of production planning and sche¬ 
duling activities at Omega, a large pharmaceutical firm with its headquar¬ 
ters and marketing office located in the heart of a major city, and its plant 
situated at some distance. An organization chart of the company is pre¬ 
sented in Exhibit 1. 

Sales Forecast 

The basic document for production planning was the sales 
forecast. The marketing manager had full responsibility for its preparation. 
Each September, a twelve-month sales forecast was prepared for each 
individual product and package size for the coming fiscal year (April 1 
through March 31). The forecast was broken down into quarters and 
months, and was based on the marketing director’s analysis of the following 
data: 

(1) Branch inventories, the company maintained all its inventory at 
14 branch warehouses scattered throughout the country and situa¬ 
ted in major market areas. No inventory was maintained at 
the plant. The distribution manager (see Exhibit 1) determined 
inventory levels (targets) for each of the branches (by item and 
package size). Every two weeks, each branch sent him a status 
report showing inventory on hand, inventory on order, and sales 
for the period. The inventory targets for each branch were 
supplied to the production planning manager (see Exhibit 1) 
who also received copies of the fortnightly reports. The bran¬ 
ches placed their orders directly on the plant and shipment was 
also direct. However, the fortnightly reports provided the market¬ 
ing department with complete information, so they knew branch 
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status at all times. The company sold 80 different products in 
150 packages. 

(2) Last year’s sales figures for each product and package size plus 
trend estimates for each. 

(3) Percentages representing seasonality factors for the last several 
years for each product (i.e., percentage of total yearly sales of a 
particular product which were made in each month). 

(4) Special promotion plans and new product introductions—Any 
items which were planned for special promotional activities 
during the coming year were supposed to be specified at the time 
of the October forecast preparation. The same was true for new 
products. 

The marketing director then proceeded in the following manner: 

(1) A rough approximation of “normal” sales was made by taking 
last year’s sales figures and modifying them to account for the 
trend. 

(2) An estimate of branch inventory position was made for the start 
of the coming fiscal year (i.e., April 1). Inventory targets were 
then set by the distribution manager, and any difference between 
estimate and target was worked into the forecast (e.g., if the esti¬ 
mate was lower than target, the difference was added to the sales 
forecast to bring the figure up to the desired level). 

(3) The total estimate for the year was then multiplied by the sea¬ 
sonality factors to give estimates of the distribution of sales by 
months during the year. 

(4) To these figures were added any sales increases which marketing 
personnel felt would result from promotions. Estimates were 
also made for new products (about three were introduced every 
year). 

The forecast was now divided into four quarters. Although monthly 
figures were provided, the quarterly totals were considered to be the main 
guidelines. This forecast was then sent to the production director for trans¬ 
lation into a production schedule. 

The forecast was reviewed quarterly by the marketing department 
every quarter, at which time revisions could be made. In theory, no major 
revisions were allowed between quarterly reviews, although within a quarter, 
marketing had limited flexibility to move items from one month to another 
(described in the next section). 

All finished goods inventories came under the control of the marketing 
director. Most of Omega’s products had limited shelf life (i.e., they lost 
their potency with the passage of time). In general, the company tried to 
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make sure that products reached the chemists’ shops no later than six months 
prior to expiry date. For the branch inventories, the following general 
rules-of-thumb were used: four months’stock for products with a 24-month 
expiry date, three months’ stock for an 18-month expiry date, and two 
months’ for anything under one year. 

Production Planning and Scheduling 
The sales forecast was forwarded to the plant production 
planning manager late in September. It was then translated into a monthly 
production schedule. This schedule was separated into two six-month 
periods, the first being considered semi-firm, and the second used primarily 
as a guideline for purchasing. The production planner used the following 
information in completing the schedule: 

(1) Equipment capacity figures (these were also supplied to market¬ 
ing personnel to be considered when the sales forecast was being 
prepared). 

(2) Raw materials availability (figures were obtained from purchas¬ 
ing)- 

(3) Holidays, or any other anticipated breaks in production. 

(4) Economic lot sizes which had been worked out by the depart¬ 
ment heads. 

Upon receipt of the sales forecast, sales figures were usually adjusted 
upwards to compensate for “the natural tendency” of Omega’s marketing 
department to underestimate demand. Typically, an upward revision of 
10-20 percent was made for each item, depending on the past experience 
with the product. Once these figures had been computed, an across-the- 
board upward adjustment of 10 per cent was made, to cover raw materials 
losses and processing losses. 

The production planning manager then tried to schedule production 
to meet the “revised” forecast as closely as possible, given capacity limita¬ 
tions and raw materials availability. Any major discrepancies between 
his final production schedule and the sales forecast resulted in a joint meet¬ 
ing between the distribution manager and the production planning manager. 
Most of the disputes arose over raw materials or capacity problems, and 
these were usually solved by switching around the timing of manufacture to 
provide procurement with more lead time or by reducing production of 
products in lower demand to make the capacity available for more highly 
needed ones. Minimum economic lot size calculations were also worked 
into the schedule to ensure that production would realize desired cost 
economies.. 

Once the distribution and production planning managers had agreed 
on a schedule, the document was forwarded to the purchasing manager. 
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This was usually early in Oclobcr. If, during the course of discussion bet¬ 
ween marketing and production manager, it became obvious that 
production would be strapped for capacity, plans were made to increase 
production facilities. Usually, if no construction and only locally 
manufactured equipment was required, a six-to eight-month lead time 
was needed. In the case of imported machinery, the lead time often ran 
as high as IS months. Construction could extend these figures by many 
months. 

Once the schedule had been finalized, the following rules went into 
effect: 

(1) Since the production cycle (the time from quality control’s release 
of raw materials to the production floor until the approval of 
finished products by the laboratory) was two months, marketing 
could make no changes in the production schedule with less than 
two months’ notice. 

(2) If less than three months’ notice was given, any upward change 
(which could only be made during the third month) could be 
no greater than one-third of the total production scheduled for 
the particular quarter involved (i.c., for the product in ques¬ 
tion). 

(3) However, since the packaging cycle only took one month, mar¬ 
keting could change package sizes up to one month prior to 
packaging dates. 

The production schedule was then translated into weekly schedules 
which were supplied to the department heads who were free to schedule 
production within the week as they saw fit. As goods were completed, 
they were shipped to the branches to fill branch orders. Occasionally, when 
inventory started building up at the plant, production schedules were modi¬ 
fied to compensate, but this rarely happened because demand continually 
outran supply, and most branches were operating with less than target 
inventories. 


Purchasing 

The purchasing manager had a quick glance at the schedule 
when the production planning manager checked the raw materials position 
before the production schedule was finalized. Based on his knowledge of 
lead times, the supply markets, and the company raw materials inventory 
positions, he supplied the production planning manager with rough indica¬ 
tions of the availability of raw materials. 

Once the production schedule had been finalized, a copy was sent 
to the purchasing manager. He broke this down into the various raw 
material items (approximately 900 were required, plus approximately 
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1,500 packaging materials) and began to place orders for domestic items, 
<ind apply for import licenses. Applications for import licenses were 
accepted only twice a year—in October and April. The license application 
•submitted in October was usually acted upon in January, and the goods 
could be available in the plant in March. Approximately 50 per cent by 
value of Omega’s raw materials were imported. Often, licenses were granted 
for only portions of the amounts applied for, because of foreign exchange 
shortages. When this occurred, the production schedule had to be altered. 
However, licences were usually issued not for specific products but for 
groups of products, and it was possible to do some rearranging within the 
total to minimize the impact on production. 

Once the orders had been placed, the following rules went into 

effect: 

(1) Three months’ advance notice was required from production to 
increase the usage rate of any indigenous raw material. These 
changes could only be made at the quarterly reviews and put 
into effect in the quarter after next. Production was free to 
make any changes at any time which did not increase materials 
requirements. 

(2) Where imported materials were involved, six months’ notice 
was required for upward revisions, and these could be requested 
only in March (to coincide with the foreign exchange application 
period). 

Control 

The management committee (see Exhibit 1) met once a 
fortnight. Their mid-month meeting focused primarily on a review of the 
previous month’s performance. Submitted at these meetings were the 
monthly sales and production records, the sales forecast and the production 
schedule, and written explanations of any major variances. Most vari¬ 
ances arose from raw material shortages. 

Miscellaneous Comments Made to the Case Writer 

marketing director: “This is a very tough problem. 
The market is very hard to predict, and we have to be responsive 
to our competition. When they offer deals [special discounts 
to distributors or chemists], we have to do the same if we want 
to maintain our share of the market. I know it disrupts produc¬ 
tion, but we can’t be bound by inflexible rules. We have to do 
this if we are to survive. 

“Actually, I don’t know how they can expect to hold us to the fore¬ 
cast. The forecast should be used only as a guideline. We are 


218 


PRODUCTION MANAGEMENT—TEXT AND CASES 


asked to make a projection in September for a one-year period 
which doesn't start until April, more than six months later. We 
arc actually trying to give them accurate forecasts for periods as 
remote as 18 months away. There is just too much uncertain¬ 
ly in the market. Government policy changes; public sector 
operations begin; new products hit the market; epidemics break 
out. We can't be accurate that far ahead because we cannot 
predict many of these occurrences.” 

distribution manager: “We have a little leeway since we usually 
have about one month’s inventory in transit at all times (about 
25 per cent greater during the monsoon because of slowdowns, 
in transportation). However, branches arc always stocking, 
out and they need material quickly. Production doesn’t res¬ 
pond quick enough. We have a tough enough job trying to 
predict overall demand for a product, but it is almost 
impossible to predict the demand accurately for an individual 
branch. Even if cost permitted, we couldn’t overload with 
inventory because of our expiry dates. We have tried to take 
these dates into account in establishing our inventory goals 
anyhow.” 

production director: “I spend too much of my time trying to settle 
disputes between distribution and production planning. The 
marketing director and 1 are always on the telephone because 
his people don’t seem to understand that we cannot give them 
everything they want the day they ask for it — especially when 
their forecasts are so far off. They say they understand* 
but they obviously do not. They are continually requesting 
me to help them out with short production runs which can 
act as a stop-gap until we can schedule the item into pro¬ 
duction. I often do this, but the cost is very great, and I have 
a responsibility to hold costs down. They don’t realise the 
long lead times we have, and they continually want the 
impossible.” 

production PLANNING manager: “Our biggest fights occur in 
regard to sales promotions. One week they inform me that they 
have just stocked out in three or four branches because of a major 
promotion. I check the schedule and their forecast and find no 
indication of such a promotion. They then admit that this was 
a last minute arrangement, but they are sure I must have been 
informed. In the next week they cancel a scheduled promotion 
because sales have been much higher than anticipated. I’m 
constantly trying to smooth out things. We really don’t hold 
them to the two-month fixed schedule, and we make many 
accommodations, but there are limits. “They don’t understand 
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that scheduling can’be tricky. All our production facilities are 
not balanced. For example, wc have an excess of capacity in 
our mixing room, and are tight in tableting. I have to schedule 
so as to make good utilisation of our equipment. These last 
minute changes completely mess things up. “We carry a total 
inventory (raw materials, in process and finished product) equi¬ 
valent to five months’ sales. With that kind of inventory, some¬ 
one should be able to plan a lot better so that production is not 
continually caught in the middle. 

purchasing manager: “No one seems to understand the problems 
I have. I am supposed to be a magician. For example, every¬ 
one assumes that indigenous materials can be obtained in a 
few days. But many of the intermediate chemical products 
which are made here are made from imported basic materials. 
Often their supply is affected by our vendor’s purchasing 
problems. 

“One of my biggest nightmares is a rejection by either the customs 
inspectors or by our own quality control people. If imported 
material has to be returned, it can delay things by three to six 
months. It takes that long, and a great deal of red tape, to 
replace it. The same is often true of local materials which are 
in short supply, especially if other companies are accepting 
material from the same batches. If possible, I try to get our pro¬ 
duction people to reprocess the material to make it usable, but 
it is not always possible; it is often exorbitantly expensive, and 
sometimes they are just too busy.” 

“Matters arc complicated by the import licensing procedures. 
Actually, the foreign exchange allocation for the year is decided 
upon our October application. However, the licenses issued 
in January cover only materials which are required for the first 
half of the year. Wc have to re-apply in April for the second 
half’s requirements. This gives the government a chance to 
review the foreign exchange situation before completing the 
commitment. Wc can also apply for increased exchange if we 
can justify it. However, the government divides the total allo¬ 
cation in half, and gives us 50 per cent during the first six 
months and 50 per cent during the last. Our actual demands 
run 60 per cent during the first half (which includes monsoon) 
and only 40 per cent during the last six months. As a result, 
we are always on a hand-to-mouth basis in the early part of the 
year. And to make matters worse, we don’t catch up towards 
the end because marketing invariably has underestimated the 
demand and we need everything we get to keep pace, and then 
some.” 


Exhibit 1 

OMEGA PHARMACEUTICAL COMPANY LTD. 
Organisation Chart 
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* Indicates member of Management Committee. 

note: Letters in paranthesis indicate location of person. N.D.—New Delhi. H.Q.—Headquarters. Blank Plant. 
















































INTERNATIONAL PAINT COMPANY 


In May, Mr. Vakil, Manager of International Paint 
Company, asked Mr. Shenoy, Varnish Paint Superintendent, to deter¬ 
mine the possible increase in production that might be effected with the 
existing equipment and facilities. Mr. Vakil did not want to incur any 
capital expenditure because in about two years a new varnish plant was 
to be constructed and production methods and facilities were likely to 
change considerably. 

Varnish production during the month of April had been 1,39,000 
kgs., a volume sufficient to manufacture only 70,000 gallons of paint. 
Mr. Vakil was concerned about meeting a newly revised 87,500 gallon per 
month sales commitment which required a total of 1,77,000 kgs. of varnish. 1 
Mr. Vakil told Mr. Shenoy that he expected at least a 25 per cent increase in 
varnish production, preferably without capital expenditure. The varnish plant 
was to produce all of the requirements outlined in the original 1,65,700 kg. 
production plan (see Exhibit 1) and the excess was to be of “A” type only 
which was required for production of paint product Mr. Vakil wanted 
the following from the Varnish Plant Superintendent: 

(a) A plan of action for accomplishing the production increase, and 

(b) A brief report giving the facts and figures to show whether the 
required 25 per cent increase in varnish production would be 
possible without capital expenditure. 

International Paint Company was one of the leading Indian manufac¬ 
turers of high-quality, decorative paints. In the past the company had not 
been utilising its capacity at optimum level but recently it had decided both 
to increase utilisation and to embark upon an expansion plan after a two- 
year interval. Management was keen on increasing production with very 
little or no capital expenditure, not only because of the plans for a new 
factory, but also as a means of countering the profit squeeze which the 
company had been experiencing in recent months. 

Varnish Making 

Varnish is a basic ingredient of International’s paints. It 

I. There were five different kinds of varnish, Types A through E, from which 
different classes of paints were produced. Different paints required different amounts 
and mixtures of varnish and the 1,77,000 kg. Figure is based upon the quantities of each 
paint desired. The varnish requirements for each class of paint are listed in Exhibit 1. 
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is made with the following sequence of operations: 

(a) Introduction of basic materials into pot. 1 

(b) Preliminary healing to proper temperature. 2 

(c) Addition of chemicals and catalyst, and further heating to a high 
temperature. 

(d) Maintenance of temperature within a narrow range until varnish 
is finally cooked (or polymerised), as determined by test. 

(e) Cooling and thinning. 

(f) Filtering, and/or pumping to storage tanks (in the case of certain 
kinds of varnish filtering was not required and the product could 
be straightaway pumped to storage tanks after operation ‘e’). 

(g) Cleaning of pot. 

After the cooking of every batch of varnish the stainless steel pot had 
to be cleaned before it could be used for another batch. If the next batch 
was of the same formulation, a solvent cleaning was adequate. If the pro¬ 
duct was going to be different, a more thorough cleaning with caustic soda 
was necessary. Even when the same formula was repeated in the same con¬ 
tainer for some time, the usual practice was to apply a caustic cleaning 
after every three batches. 

The sequence of these essential operations and other minor ones are 
shown in a flow-process chart given in Exhibit 2. 

The varnish plant consisted of three separate sheds. One was used 
for cooking. The second contained the foreman’s working table and the 
facilities for cooling and for thinner storage. The third shed held equip¬ 
ment for filtering and pumping and stock tanks for finished varnish storage. 

The plant was operated round the clock in three eight-hour shifts. 
Each shift was supervised by a shift foreman who oversaw seven operators. 
Four worked at the varnish cooking—one for each of the company’s four 
furnaces—, two supplied materials from stores and loaded them into the 
pots, and one took care of the cooling, thinning, filtering, and pumping 
operations. Solvent cleaning was done by the operators who loaded 
materials. Caustic cleaning was done by a separate group of people. All 
•employees were on a "monthly rate, and no incentive system was in force. 

Operation Times 

The times for various operations varied from batch to 
batch because of variations in both the quantity and quality of the ingre¬ 
dients and because of different temperature requirements. The perfor¬ 
mance time of some of the operations, such as loading materials and moving 

1. A stainless steel kettle about 4 ft. dia. and 4.5 ft. high. 

2. The pot was placed on tpp of an oil-fired pit furnace (built on the floor and 
not removable) of 3 ft. diameter. 
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ahe pot, were purely manually controlled; others, such as cooking and pump¬ 
ing varnish, were process-oriented, (e.g., controlled by process limitations 
•such as heating time); and still others were dependent upon machine cycle 
times. A record of the different operations performed in varnish making— 
from the time the material was loaded in the empty pot until the pumping 
was completed—was available from batch cards. The batch cards were 
designed to provide process information such as quality particulars and 
time to complete the major operations. The average time values obtained 
from a large number of batch cards (covering a period of nine months) for 
the important products arc given in Exhibit 3. 

In the month of April, the foremen were asked to increase the degree 
of supervision, particularly in the varnish-cooking shed. During one 
week’s observation the operation times for 12 batches of an important 
product were obtained from an automatic temperature recorder graph. 1 
These figures arc given in Exhibit 4. The elapsed time for each of the 
operations was taken directly from the recorder rather than the batch cards 
since the times written on the batch cards had been found to be inaccurate 
due to a tendency for operators to round off the figures. 

Production Programme 

The Varnish Plant stored its output in tanks from which 
the Paint Plant drew its supplies as it required them. Thus the Varnish 
Plant had some freedom of planning and producing as long as it was able 
to meet the Paint Plant’s needs. The storage capacity was sufficient to 
seven days’ needs. 2 Although the Varnish Plant had not used detailed 
planning and scheduling techniques, it had rarely failed to supply the right 
kinds and quantities of varnish required by the Paint Plant. The original 
production schedule (drawn up prior to the increase in sales requirements) 
is shown in Exhibit 1. Batch sizes are also indicated therein. 

Available Equipment and Facilities 

A list of existing equipment and facilities is given in 
Exhibit 5. Of these, the stainless steel pot needed no maintenance except 
for the cleaning by solvents or by caustic soda. 

Exhibit 6 presents a diagram of the truck which was used to transport 
the pots within the plant. Exhibit 7 shows a sketch of the pot while it was 
being heated on the furnace. 


1. The automatic recorder records the temperature of the mixture in the pot by 
inking a “-f ” mark on a graph every two minutes. The graph is affixed to temperature 
recorder drum which rotates at a constant speed. 

2. Calculation based on a production rale approximately 40 per cent higher than 
the level indicated for each product in Exhibit 1 (i.e., total monthly production rate 
equals 2,31,700 kg.). 
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Exhibit 1 

INTERNATIONAL PAINT COMPANY 

Planned Production Pattern for the Year 
(Prior to Revision) 


Paints 

product 

Paints 

demand 

gallons/month 


Varnishes required 


Code for 
product type 

Average batch 
size (Kg.)** 

Total Kg, 
required 

Pi 

33,000 

A 1 

I 


92,400 

p» 

2,800 

A 


920 

4,000 

p* 

3,100 

aJ 

1 


3,000 

Pi 

10,800 

B 


920 

34,600 



(c 


840 

12,200 

p 5 

5,100 

\ 






Id 


780 

3,000 

P 0 

17,500 

E 


930 

7,700 

Miscellaneous 11,100 

Misc. 

* 

880 

8,800 

Total 

83,400 




1,65,700 


* Within this category, it was difficult to specify the exact products for any month. 
These items were special products with very slight demand. 

** Actual batch yield usually varied by ±5 per cent from the average batch size. 
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Exhibit 2 

INTERNATIONAL PAINT COMPANY 
Varnish Making—Process Flow Chart 


If pot not necessary 




If solvent cleaning required 
« < - 


t 


<=> 


Wait for pot to cool 

Clean with solvent 
-*»— 


v 

«j> 


Load pot (Stainless Steel Container) with 

materials 

Pot to furnace 

Arrange pet, set, and light furnace 
Put out fire, i. e., extinguish burner 

Add other materials 
Light burner and adjust heat 
Put out fire 
Quality test 

Ada material for polymerisation process 
Light burner 

Adjust heat by maintaining within given 
temperature limits 

Test for specific gravity, ciarity, etc. 

Put out fire 

Remove varnish pot from furnace 

To cooling and thinning shed 

Set for cooling and direct cold water 
spray to outside of pot 

Add right quantity thinner at right 

temperature 

Test for quality 

Pot to filtration shed 

Set up and do filtration and/or pumping 


Empty pot for cleaning 
If caustic cleaning needed 

-i>- 


j 


Caustic cleaning 


Pot to loading area 


O Operation 
Transportation. 
PI Inspection 


^ Storago 
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Exhibit 3 

INTERNATIONAL PAINT COMPANY 
Representative Operation Times 


Varnish 

product 

Loading 

hrs. 

Heat 

treatment 

hrs. 

Cooling 
and thin¬ 
ning 
hrs. 

Testing 

hrs. 

Filtering 

pumping 

hrs. 

A 

1.4 

14.6 

1.2 

1.5 

3.8 

B 

1.5 

10.5 

1.4 

4.0 

1.9 (no filtering) 

C 

2.0 

7.0 

1.5 

4.0 

3.0 

D 

1.9 

8.5 

0.3 

4.0 

2.3 (no filtering) 

E 

2.4 

8.0 

1.5 

4.0 

1.8 (no filtering) 

Miscella¬ 

neous 

2 4 

(Average) 

9.5 

1.5 

4.0 

3.8 


* See Exhibit 4 for detailed operation times, in respect of product ‘A’. 


note: Average time for solvent cleaning of pot is 2 hours, including time 
for transport of pot. 

If pot is cleaned with caustic soda, time is 6 hours, including time for 
transport of pot. 

Average times spent on transporting the pot for various operations, 
were as follows: 

(a) Truck with empty pot from the plant to stores for loading 0.15 hr. 

(b) Loaded pot from stores to varnish cooking shed 0.25 hr. 

(c) Pot with hot varnish to cooling point 0.10 hr. 

(d) Pot with cooled varnish to filtering/pumping 0.10 hr. 

<e) Empty pot from filtering/pumping point to solvent cleaning. 0.10 hr. 
,(f) Empty pot from fillering/pumping point to caustic cleaning. 0.20 hr. 

(g) Empty pot from caustic cleaning to the side of varnish cooking 

shed (solvent cleaning area). 0.20 hr. 









Exhibit 4 

INTERNATIONAL PAINT COMPANY 
Analysis of Heat Treat ment Time for Product “A” 
Operation times obtained from batch cards 
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Exhibit 5 

INTERNATIONAL PAINT COMPANY 
Essentia] Equipment and Facilities Available 


Equipment 


Total No. 
available 


Used for 


i. 

250 gallon stainless steel pot 

10 

Preparing varnish 

2. 

Water sprinkler arrange¬ 
ment (water connections, 
pipes, with perforations, etc.) 

2 

Cooling the varnish. Adding 
of thinner could be done during 
the cooling operation 

3. 

Pumps 

2 

Pumping varnish 

4. 

Filters 

2 

Filtering varnish 

5. 

Furnaces 

4 

Heating and cooking varnish 

6. 

Collis trucks* 

6 

Transporting empty or loaded 
varnish pot 


pot was on the furnace. 


Exhibit 6 

INTERNATIONAL PAINT COMPANY 
Diagram of the Truck 
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Exhibit 7 

THE I INTERNATIONAL PAINT COMPANY 
Sketch of the Plot 


r 


12 


STAINLESS STEEL POT 


FLAME 

*5 


rr%~ 

V- 


FLOOR- 


-STEEL FRAME TO WHICH 
POT IS FASTENED 


.pit furnace 


f ^ 


















PUNJAB MACHINERY COMPANY (C) 


In September 1964, the chief executive, manufacturing 
division of Punjab Machinery Company (PM), was worried about the large 
sto.cks-.of-.raw..materials in the manufacturing unit. He wanted to make 
sure that inventories were at the optimum level. He, therefore, asked a 
recently employed management trainee to look into the matter and suggest 
suitable measures for a sound inventory policy. 

PM manufactured milling machines, radial drilling machines, and 
industrial humidifiers. Since it had originally been a trading organization, 
the company was well acquainted with the market for each of its products, 
including their sales trends and profit-margins. Based on forecasts, the 
company set the production targets for the milling machines for the years 
September 1964 to June 1968 as shown in Exhibit 1. Average monthly 
milling machine production during the fiscal year 1964-65 was nine 
units. 

Mr. N.R. Kulkarni, the management trainee, decided to tackle the 
problem of materials and parts for the milling machine first. Then he 
planned to take up the problem of radial drilling machines and humidifiers. 
He obtained the stock position of various items of raw materials, the value 
of the stock, the quantity required per milling machine, etc., from records 
kept in the manufacturing unit. From these he calculated the cost of the 
different kinds of materials required for each milling machine. These 
particulars are given in Exhibit 3. (Not included are figures for purchase 
of components and certain other types of raw materials in all number¬ 
ing over 400 items). The materials listed in Exhibit 3 were those needed 
for the milling machines only, although a few items were also used on 
the radial drilling machines. 

The existing purchasing procedures and inventory system are describ¬ 
ed below: 

Once a year the plant manager of PM, on the advice of his store-keeper, 
placed an order with the purchasing officer (stationed at the head office) 
for purchase of raw materials and parts. The head office was in a big city 
located about 300 km, from the factory. The order contained a long list 
of all items to be procured, and the estimated quantity required for the 
following year. Generally, the plant manager did not worry about the 
stock on hand and estimated on the high side, to play “safe.” From this 
point on, the production manager had little contact with purchasing. The 
purchasing agent immediately placed the necessary orders and sent the 
material to the factory as it arrived. In the two years since the company 
had started manufacturing the milling machines, there had not been a single 
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occasion when production had to be stopped due to a shortage of materials 
or parts. 

The purchasing officer and his staff bought materials not only for the 
manufacturing unit, but also for the sales offices and for sister concerns 
of PM. A typist-clerk in the purchasing office spent nearly 50 per cent 
of his time placing orders for materials and parts required by the manufac¬ 
turing unit; the rest of his time was spent in connection with purchasing 
items for the other units and in clerical activities not connected with pur¬ 
chasing. The purchasing officer spent about 10 per cent of his time locat¬ 
ing suppliers, placing orders, and following-up. His steno-sccretary spent 
about 20 per cent of his time handling correspondence with suppliers, filing 
papers, etc., in connection with the purchases for the factory. The gross 
monthly salaries drawn by the purchasing officer, his steno-secretary, and 
the typist-clerk were Rs. 900, Rs. 400 and Rs. 300. The total workload of 
these three persons was such that they had little unutilised time at their 
disposal. Expenses for stationery, telephone calls, and some visits to sup¬ 
pliers’ offices averaged roughly Re. 1 per order. Approximately 200 orders 
were placed on an average per year for materials and parts connected with 
the milling machine alone. 

Most of the items, including the EN-24 and EN-1A steel rods, were 
actually imported materials, but available ex-stock from different dealers/ 
stockists. When certain sizes of bars were scarce, the purchasing officer 
had to pay higher prices. Also, he had often to place orders with several 
people for the supply of the same material, since he could not get all he 
required from one supplier. After the materials and parts were purchased, 
they were sent to the factory by trucks and the transport cost was roughly 
five paise per kg. or Rs. 200 for one full truck-load of five tonnes. 

The castings required for the factory were obtained from the foundry 
of a sister concern located within a kilometer of PM. 

Mr. Kulkarni, in trying to evolve a suitable inventory policy, obtained 
information from the purchasing officer about availability of and lead times 
for the various materials. The purchasing officer based this information upon 
his past experience. These data are reproduced in column 8 in Exhibit 2. 
Mr. Kulkarni also learned from the financial controller at the head office 
that PM borrowed money from its bankers at an interest rate of 10 percent. 

After a preliminary study of data in Exhibit 3, Mr. Kulkarni thought 
that it would be useful to know the average hourly cost of running a lathe. 
These figures supplied to him as cost per machine hour, were as follows: 

1. Direct labour charges Rs. 1.50/hr. 

2. Power, oil, coolant, consumable tools, spares, 

repairs, etc. Re. 0.75/hr. 

3. Depreciation, shop and other fixed overheads Rs. 2.75/hr. 


Total 


Rs. 5.00/hr. 
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He also obtained the information contained in Exhibit 2. 


Exhibit 1 

PUNJAB MACHINERY COMPANY(C) 
Production Targets 


Production target (No. of machines) 

J M' L {, J t * uut - 

70/?/* AS 

July to June 

yyo4 oo * 
Sept-June 

1965-66 1966-67 

1967-68 1968-69 

. Milling Machines 90 

135 175 

180 180 



Exhibit 2 

PUNJAB 

MACHINERY COMPANY (C) 

Machining data 

Rough cuts on type A steel 

Speed* 

80-100 surface feet per minute 

Feed** 

.020 inches per revolution 

Depth of cut*** 

.125 inches 


♦ In a lathe, this is a measure of the speed at which the workpiece is turning. If 
the material diameter is 1 foot, then, with every revolution 7r D=3. 14 feet of surface 

pass the cutting tool. If the speed is 100, this means ^^=31.8 R.P.M. is the 

3.14 

machine setting. 

** Each time the workpiece revolves, the tool moves a horizontal distance of .020 
inches. Therefore, in the above example, .02x31.8— .636 inches of the length of the bar 
would be traversed by the tool in one minute; 

*** The tool cuts to a depth of .125 inch, thereby reducing the diameter of the 
bar by .250 inch for every tool setting. 




i 
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BHARAT STEEL FURNITURE COMPANY 


In February 1964, Chakra Deo, the managing director of 
Bharat Steel Furniture Company (BSF) received a telephone call from 
the firm’s city depot, where finished goods inventory was stored. The depot 
informed him that the stock of folding chairs on hand was insufficient to 
meet the shipments scheduled for the week. Mr. Deo immediately gave* 
orders for the factory to increase the rate of production of the chairs and to- 
send to the depot any finished products that were in the plant. 

Company History 

BSF was a small-sized, family-owned firm, located in an- 
industrial estate in Madras. It employed 64 people, including Mr. Deo,, 
four clerks, a sales manager, five salesmen, and four shop supervisors. 
The company manufactured folding chairs, folding tables, and large steel 
cabinets. During the fiscal year March 1962 to February 1963, it earned a 
before-tax-profit of Rs. 70,600, on a turnover of Rs. S lakhs. A breakdown 
of sales by product line is presented in Exhibit 1. Mr. Deo said that the- 
sales mix for 1963-64 appeared similar to that for the previous year, 
although indications were that total sales would be considerably greater. 
Over the past several years, the yearly growth in sales had averaged approxi¬ 
mately 20 per cent. 

Retail sales of BSF’s products followed a definite seasonal pattern. 
Customer purchases of chairs and tables were at their highest levels during, 
the period from October through December, and then declined sharply. 
The demand pattern for steel cabinets was similar, but not quite as peaked. 
20 per cent of the total year’s sales of cabinets was made in the month of 
October, just before Diwali, and 10 per cent was made in each of the months 
from November through April. During the peak periods, sales activity 
for all three products varied greatly from state to state, depending on 
the dates of local festivals and the announcement of industrial bonuses. 

Mr. Deo had formed a separate company to act as the sole selling 
agent for all BSF products outside Madras city. This firm received a 
2} per cent commission (on the suggested retail price) on all sales to 
distributors. It supervised BSF’s selling- organisation which covered 
four neighbouring states in addition to the state of Tamil Nadu. The 
distributors were selected by BSF’s sales department, in consultation with 
Mr. Deo. Competition was very keen and, since little product differentia¬ 
tion existed either in design or quality, BSF had decided to suggest prices 
2 per cent to 5 per cent lower than those of its competitors. Because there was 
so little product differentiation, Mr. Deo believed that the customer would 
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buy whatever the dealer had in stock. BSF therefore decided to give the 
dealers a high markup (10 per cent-12 per cent seemed to be the average 
for the industry) so that they would be encouraged to carry a large inventory 
of BSF products. A dealer stockout invariably meant lost and irreplaceable 
sales. A factory sales price had then been selected which would give the 
dealers a 15 per cent margin on the selling price and would allow 2-2J per 
cent for the sole selling agency. 

In addition to the distributor system, BSF had its own sales depot, 
which had a showroom in the city. Approximately 25 per cent of the com¬ 
pany's total rupee sales were made by this depot, which was the only selling 
agent in the city. The 2-2\ per cent commission was not paid to the selling 
company on any sales made by the depot. 

Finished products were despatched daily to the depot for storage, 
since the finished-goods storage area at the plant was not able to hold more 
than a week's production. In addition to the showroom and some small 
office space, the depot contained a 60'x60' shed for storage purposes. 
Approximately one-third of the storage space was reserved for each product 
line. Monthly storage costs were Rs. 630 (see Exhibit 2). In addition, 
the company suffered a loss equivalent to 5 per cent of sales each year, due 
to damage of goods, most of which occurred in the handling involved in 
storage. The cost of transporting 100 chairs from the industrial estate to 
the depot was Rs. 20. It cost another Rs. 15 to transport the chairs to the 
railroad station which was located approximately half way between the 
depot and the plant. Most of the finished products were shipped by rail, 
F.O.R. However, when a distributor was in a hurry, he would frequently 
request delivery by road transport. The extra cost was charged to him but 
delivery time on long trips was reduced by two or more weeks. 

All orders from the distributors went to the sole selling agent. These 
orders were forwarded to BSF’s sales department (as were the orders from 
the city depot) on printed forms which indicated the items and the number 
of each that were required. The sales department confirmed the orders 
without specifying the delivery date, sent one copy to the city depot as a 
shipping order, and a second copy to Mr. Deo, for production and billing 
purposes. Usually, Mr. Deo and the works engineer (a part-time employee 
who was a retired public works engineer) sat down with these forms at the 
end of each month to plan the next month’s production. In addition to the 
orders, they received a report of city depot inventory positions and a summary 
of the plant inventory and production status. On the basis of these figures, 
they worked out a weekly schedule for the following month. The super¬ 
visors then planned daily operations within these figures. Except in peak 
periods, when second shifts of unskilled workers were added and overtime 
was worked by skilled employees, the plant worked one shift, six days a week. 

Since distributor sales were at their highest level immediately after the 
monsoon and since deliveries during the monsoon were generally unreliable. 
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Bsf’s sales demand peaked in the months of May and June. Between 20 
per cent and 25 per cent of their orders requested delivery in this two-month 
period. Exhibit' 3 presents the monthly inventory, production, and sales 
figures for folding chairs during the period March 1963 to January 1964. 
Exhibit 4 gives the monthly sales figures for the previous year. 

Production and Raw Materials 

The foldingchair consisted of three basic sub-assemblies: a 
tubular frame, a back, and a seat. A brief description of the manufac¬ 
turing process is given in Exhibit 5. A similar series of operations was 
carried out for the manufacture of tables. The manufacturing process for 
the cabinets was simpler, involving only the shearing and bending of metal 
sheets, riveting, and painting. 

The basic raw material for the furniture was sheet steel of approxi¬ 
mately 20 different sizes and gauges. The sheet steel was a government- 
controlled item, but only 30 per cent of the firm’s requirements were met 
by the government allocations. Although Mr. Deo had been trying to get 
this percentage raised, he did not think there was much hope in the fore¬ 
seeable future. Twenty per cent of BSF’s needs required and were met by 
imported steels, and the remainder had to be acquired in the ‘"open” market 
at a premium of Rs. 200 per ton over the controlled prices of Rs. 1,000. 
Deliveries of the government allocations were made at an average interval 
of three months, although they might be as much as six months late. The 
company carried an average inventory valued at Rs. 4,60,000 of which 
approximately 1.8 lakh represented finished goods and the remainder repre¬ 
sented raw materials or goods in process. 

As raw materials were received, they entered a “bank store” located 
in the factory. The bank financed 85 per cent of the cost of the materials 
and charged BSF 9 per cent for the service. Every week, the company 
then released the materials it needed by making a cash payment. Approxi- 
• mately 41—5 tons were required, on the average, per week. 

Mr. Deo said that the company was losing Re. 0.90 on the sale of 
each chair; however, he believed that BSF should continue to manufac¬ 
ture chairs to support table sales. He said that the sale of chairs was 
necessary to maintain the sale of tables, since most purchasers asked for 
sets, and according to his figures, the company realised a profit of 
Rs. 8.03 on each table. Exhibit 6 presents a rough breakdown of BSF’s cost 
computations. Direct material cost was a total of all of the costs of raw 
materials (steel, paint, rivets, etc.) going into the product. Direct labour 
cost was computed in the following manner: each of the maufacturing 
operation was classified into one of the following four categories—ihose 
requiring skilled labourers, semi-skilled, unskilled labourers, and jobs requir¬ 
ing teams of workers. Standard times were fixed for all operations (based 
on previous experience). The average consolidated wage rate for each of 
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the four categories was computed and was multiplied against each standard 
time to which it corresponded. These figures were totalled to give a direct 
labour figure. At the end of the year, any variation between labour costs 
at standard time and actual labour cost was included in the factory over¬ 
head account. The average consolidated wage of all workers in the factory 
was approximately Rs. 125 per month. Factory overhead was allocated 
in proportion to direct labour, except where major items could be traced to 
a particular product (c.g., the depreciation of the tube bending equipment 
was split between the chairs and the tables, on the basis of their direct 
labour content, and none of this was applied to the cabinets). Direct 
materials, direct labour, and factory overhead were then totalled to give 
factory cost. Selling and distribution overhead and administrative overhead 
were allocated in direct proportion to factory cost. These were then 
summed up to give the total cost figure. 

Mr. Deo was of the opinion that, with proper marketing research and 
publicity, table and chair sales could be increased three-fold. He had already 
made a study of his layout to improve operations by reducing the time and 
cost of manufacture. His study showed him that an investment of Rs. 1,250 
would free 580 square feet of factory floor space, and speed up pro¬ 
duction by at least 10 per cent. However, since he was strongly opposed 
to letting any of his employees go, he said that the savings in materials 
handling lime would not result in any cost reduction. Since he estimated 
that BSF was presently operating at less than 65 per cent of physical capa¬ 
city, 1 he was of the opinion that little would be gained by such an invest¬ 
ment at this time, and that the only immediate result would be additional 
idle time. In addition, since BSF was actually selling the folding chairs 
at a loss, he did not think it worthwhile to expand chair production. He 
thought it unwise to increase the selling price because it would affect sales 
adversely and the net result would be a loss to the company. 


Exhibit 1 

BHARAT STEEL FURNITURE COMPANY 
Sales During Fiscal Year March 1962—February 1963 


Item 

Soles in Rs. at 
factory price 

per cent of 
total 

Factory sales 
price per unit 

Folding chairs 

3,57,000 

44.6 

17.56 

Folding tables 

45,000 

5.7 

39.00 

Steel cabinets 

3,98,000 

49.7 

282.00 


1. Mr. Deo explained this figure as follows: 

His total wage bill for direct labourers in 1962-63 was approximately Rs. 64,000 
of which the direct labour content of production was only Rs. 41,000, which was equiva¬ 
lent to a utilization of \ 1’^? -■= 64 per cent. 

04,UUU 
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Exhibit 2 

BHARAT STEEL FURNITURE COMPANY 
Monthly Cost of City Depot Storage Facilities 


Rent 

Electricity 

Labour 

Tax and insurance 


Rs. 200 
Rs. 30 
Rs. 350 
Rs. 50 


Rs. 630 


Exhibit 3 


BHARAT STEEL FURNITURE COMPANY 


Production, Sales, 

and Month-End Inventories of Folding Chairs (in Units) 
March 1963-January 1964 



Production 

Sales 

Inventory 

1963 

Mar. 

2,376 

1,385 

1,120 


Apr. 

3,128 

2,171 

2,077 


May 

3,782 

2,830 

3,029 


June 

2,291 

2,823 

2,497 


July 

4,280 

2,554 

4,223 


Aug. 

2,829 

2,357 

4,695 


Sept. 

890 

2,274 

3,311 


Oct. 

1,143 

2,535 

1,919 


Nov. 

1 242 

2,163 

998 


Dec. 

2,183 

2,269 

912 

1964 

Jan. 

906 

1,210 

608 


TOTAL 25,050 

24,571 



Exhibit 4 

BHARAT STEEL FURNITURE COMPANY 
Sales of Folding Chairs (in Units) 

March 1962-February 1963 


Mar. 

1,132 

Apr. 

1,744 

May 

2,251 

June 

2,436 

July 

2,330 

Aug. 

1,759 

Sept. 

1,925 

Oct. 

2,018 

Nov. 

1,873 

Dec. 

1,616 

Jan. 

834 

Feb. 

427 


total 20,345 
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Exhibit 5 

BHARAT STEEL FURNITURE COMPANY 
Manufacturing Process for Folding Chair 


Tubular frame 

Standard in No. 
of chairs per shift 

1 . 

Sheets of standard lengths were sheared into strips 



of the required width (Semi-skilled operator) 

200 

2. 

At one end the strips were bent into a V for about 6 
inches of length. This was then rolled by a hammer 



(S-S) 

200 

3. 

This end was held in the grip of the pulling rod of a 
hydraulic pipe-rolling machine and the materials were 
pulled through a die which made the piece cylindrical 



throughout its length (S-S) 

350 

4. 

The seam was gas-welded manually by two welders 

60 chairs 


(Skilled) 

per welder 

5. 

The extra welding was ground off on an emery 

55 chairs 


wheel (two operators) (Semi-skilled) 

per operator 

■6. 

The pipes were cut to required lengths by a band saw 


(Unskilled) 

200 

7. 

Three bending fixtures were used on various compo¬ 



nents (U) (a) 

1,000 


(b) 

400 


(c) 

400 

8. 

Holes were drilled in the bent components (S) 

500 

9. 

The scat components were levelled (U) 

500 

10. 

The chair frame was assembled (U) 

27 chairs/man 

11. 

The chair frame was levelled (S) 

500 

12 . 

The chair frame was dipped in a red oxide tank and 



dried (S-S) 

200 

13. 

The frame was sanded and dipped in a paint tank for 



the first coating. It was then dried (S-S) 

100 

14. 

The frame was sprayed and then dried in an oven (S) 

400 

15. 

The frame was assembled to back and seat of the 



chair (U) 

100 

Seat 

and Back 

Standard in No. 
of chairs per shift 

1 . 

Sheets were sheared to proper size and sent to the 



press shop (S-S) 

1,000 

2. 

Components were cut and formed (S-S) 

250 

3. 

The back and the seat were dipped in red oxide and 



dried (S-S) 

400 

4. 

The back and the seat were dipped in paint for the first 



coating. They were then dried (S-S) 

400 

5. 

The back and the seat were sprayed and then dried 



in an oven (S) 

400 

6. 

The parts were assembled to the frame of the chair 



(S-S) 

100 


note: U = Unskilled; S-S = Semi-Skilled; S = Skilled. 
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Exhibit 6 

BHARAT STEEL FURNITURE COMPANY 

Cost Per 100 Units of Output (1962-1963) 


Chairs 

Tables 

Cabinets 


Rs. 

Rs. 

Rs. 

Direct material 

1,119.30 

1.644.06 

13,074.00 

Direct labour 

94.00 

230.84 

1,380.00 

Factory overhead 1 

319.94 

695.96 

4,289.00 

Factory cost 

1,533.24 

2,570.86 

18,725.00 

Administrative overhead 2 

196.62 

329.84 

2,392.00 

Selling and distribution? 

116.93 

196.14 

1,422.00 

TOTAL COST 

1,846.79 

3,096.84 

22539.00 

COST PER UNIT 

18.46 

30.97 

225.39 

1. For 1962-63, Factory Overhead was approximately Rs. 133,000 broken down 

as follows: 




Direct labour overrun (Actual-Std) 

23,000 


Indirect labour (6 people) 


7,700 


Supervision (factory, including works engineer) 20,000 


Rent (factory) 


7,400 

Interest (bank stores and other factory related loans) 41,500 


Power (machinery) 


4,500 


Light 


700 


Depreciation 


20,800 


Supplies and tools 


4,600 


Misc. 


2,000 




133,000 (rounded up) 

2. For 1962-1963 Administrative Overhead was approximately Rs. 77,000 as 

follows: 


Rs. 


Office rent 


600 


Office staff 


9,600 


Supervision and Director’s salaries 

34,300 


Interest (non-factory related items) 

20,000 


Telephone and stationery 


1,600 


Power (light) 


300 


Depreciation (office equipment) 

100 


Canteen subsidy and tea 


6,000 


Legal fees 


2,400 


Misc. 


2,100 



77,000 


3. Includes commissions, depot charges, salesmen’s salaries, advertising, etc. In 
actuality, BSF performed all selling functions—the sole selling agent was a company in 
name only, carrying no inventories and having no separate personnel of its own. 
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OPERATION SEQUENCING AND ASSEMBLY 
LINE BALANCING 


Assembly Lines 

A production arrangement in which facilities like machines 
and tools and manual operations are so arranged that the product on 
which successive operations are to be performed can move in the for¬ 
ward direction without back-tracking, is known as a Line System of 
production. Henry Ford was the first to use this technique in 1914, for 
the assembly of automobiles. The line technique is also known as the 
Assembly Line technique. The line production technique is more often 
used in connection with assembly operations. An assembly/production 
line consists of a series of work stations and the unidirectional flow of 
part or assembly is generally maintained even if the same production facility 
is needed in more than one place in the line. This is done by duplicating 
such facilities. 


Sequencing of Operation 

In the manufacturing or assembling of a product the 
production process would invariably involve more than one operation 
to be performed on it. The successive operations may be performed entirely 
by mechanical means, like in an automated system, or entirely by manual 
work or by a combination of both, depending on the nature of the job. 
The sequence in which the operations are to be performed may be deter¬ 
mined by considerations of engineering specifications. Certain operations 
could be sequenced differently without affecting the operations or efficiency 
whereas for some jobs the work method or engineering specification will 
itself determine the sequence of operations. Sometimes, although the 
specification and work method might allow a different sequence of opera¬ 
tion, the cost implications of alternate sequences may be different. It is, 
therefore, necessary to study the operations before deciding on the best 
operation sequence. Essentially, the following factors influence the sequen¬ 
cing of operations: 
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(1) engineering specification. To be able to get the dimensional 
and geometric relationship between different surfaces, like in a 
machined part, a certain sequence alone may have to be followed. 
For instance if a hole has to be at a definite distance away from 
a side, it may be necessary to have the reference surface machined 
first and the hole drilled afterwards. 

(2) work method considerations. In certain assembly jobs a 
given technologically feasible sequence of operation may allow 
the assembly job to be done faster and perhaps with more ease, 
than other feasible sequences. The sequence that allows the 
easiest and fastest method could then be chosen as the right 
sequence. 

(3) use of common tools, machines, etc. It is possible that in 
the assembly of certain parts, hand-tools like pneumatic screw 
drivers, soldering iron, hand drills, etc., may have to be used more 
than once in the total assembly operations. In such cases if 
adjacent work stations are assigned operations involving the use 
of such tools such an arrangement would allow the use of one 
set of tools by more than one operator. Where costly equip¬ 
ment like riveting and spot welding machines are to be used 
adjusting sequence of operations to avoid duplication of such 
equipment would result in substantial cost reduction. 

(4) layout of facilities and workplace. Certain operations 
may need facilities like machines, compressed air lines, etc. 
From convenience as well as cost point of view it would be 
desirable to arrange the sequence of operations in such a 
way that such operations are not introduced in the middle of 
an assembly line. To achieve this the operational sequence may 
be changed. 

(5) safety considerations. Some operations like welding and 
grinding would have to be performed away from other work 
stations and unprotected workers from a safety point of view. 
It may, therefore, be easier if such hazardous operations are 
isolated from the rest by suitably changing the sequence of 
operations. 

(6) considerations of skill requirement. The normal sequence 
of operations of an assembly job may require both highly and 
least skilled work elements to be done by one worker. From 
the principle of proper division of labour the skilled operations 
could be separated from the unskilled ones and assigned to right 
type of workmen. This might help in reducing the labour cost 
and also in speeding up the assembly work. Such separation of 
skilled and unskilled jobs may require a change in the sequencing 
of operations. 
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It may be remembered that in considering situations 2, 3, 4, 5 and 6 
above it is assumed that change of sequence is feasible and consistent with 
engineering specifications and quality. 

Production Line Design and Choice of Cycle Time for an 

Assembly Line 

The problem of production line design can be briefly 
stated as one of grouping of work elements into different work stations 
such that the utilization of human and equipment resources applied for 
the tasks is maximised and the output at the desired rate is achieved. The 
sequencing of operations may be influenced by one or more of the several 
factors listed earlier. 

The rate at which production is required from an assembly line is 
determined by sales forecast, inventory requirement and alternative products 
to be assembled in the line, etc. Knowing a required production rate the 
operation time at different work stations can be so adjusted (by allocation 
of suitable work elements to each work station) that the most loaded work 
station has an average operation time that corresponds to the desired out¬ 
put rate. For instance if the available time for production is 8 hours 
and 120 units per day is the required production rate, the cycle time will 
be 480 120 = 4 mts. This will be the theoretical cycle time. Each work 

station should be assigned suitable work elements such that total task time 
at a station does not exceed 4 mts. and the operational sequence is also 
maintained. To be able to design a production line for a given output 
rate we have to know the times for various work elements (preferably ele¬ 
ments split to practical limits) and sequence constraints, if any. 

Balance Delay 

One of the objectives in designing an assembly line is 
the maximum utilization of resources. Therefore the grouping of work 
elements for the different work stations should be such that at the designed 
production rate there is minimal delay at work stations. The total delay 
resulting from a particular combination of work elements to work stations 
of an assembly line is called as the balance delay. It is expressed as a per¬ 
centage as below: 


Balance Delay, per cent, d = x 100 

nc 

where d = balance delay per cent 

n = number of work stations; n being an integer 
c — cycle time, i.e., maximum task time of work station 
ti = individual task time (2// is the total work content for the 
line) 
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For a given cycle time the minimum number of stations /7 m in gives 
the minimum balance delay. Thus d = * m - n — -which is a 

"min C 

function of cycle time, c . The above equation is known as the balance delay 
function. The cycle time c must be equal to or more than t max (maximum 
element time) and should not exceed Sf/ (sum total of all work elements). 
In other words / max ^ c ^ £//. From the balance delay function we can 
say that for a perfect balance, i.e., for zero delay, the condition nc — Sf/ = 0 
must be satisfied. 

In designing an assembly line for a given production rate at minimum 
balance delay the steps to be followed are as under: 

(1) From the known available time for production and required 
production rate find out cycle time by dividing available time 
by required production. 

(2) Find sum of all elemental time and divide by cycle time obtain¬ 
ed as in step 1 above to get the theoretical number of work 
stations. If the number of work stations obtained is not an 
integer, increase it by the minimal amount required to get the 
least (integer) number of work stations. 

(3) Having worked out the cycle time, and the number of work 
stations, the next step will be to assign work elements to 
stations and balance the load on them so that delay is 
minimum. 

From different cycle times chosen and the corresponding number 
of stations the balance delay function, described earlier, would give 
the delay per cent. A graph can now be drawn with cycle times on 
X-axis and balance delay per cent on 7-axis. Below the 7-axis, and 
corresponding to the cycle times, the number of work stations and the 
production per day can also be written. This would help in knowing 
most of the essential particulars in relation to an assembly line from one 
diagram. 

Fig. 1 illustrates this in respect of cycle times falling within the 
range of 60 secs, and 480 secs. 

Designing and Balancing an Assembly Line 
From what we have so far learnt about assembly lines, 
using a ‘common sense’ approach we can solve small problems. We will 
tackle one such problem in the following paragraphs. 

problem. Given the data in the table below, design an assembly 
line for the production rate of 120 units per day, assuming an available 
time for production as 450 mts. Note that the given tasks cannot be split 
any further into smaller tasks. 
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Figure 1 

Graphical Representation of Balance Delay Function 


FOR 60 SECS. £ C S480 SECS. 



-C O-C-9-o- 

8 6 4 3 2 

NUMBER OF STATIONS 


480 360 240 180 120 65 60 

PRODUCTION UNITS (FOR 480 MTS.) 


Task code 


Task time Sequence constraints — 

(juts.) Task must follow the 

task listed below 


a 

2.5 

— 

bi 

1.0 

a 

b» 

1.5 

a 

b 3 

0.5 

a 

c 

3.6 

b u 

d 

1.2 

c 

e 

1.4 

d 

f 

2.4 

e 

g 

4 -? 

— 

h 

1.9 

g 

i 

2.0 

g 

j 

1.8 

M 

k 

2.0 

j 

1 

0.5 

f,k 
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questions: 

(1) What is the theoretical cycle time for production? Assuming 
one worker at each station what is the minimum number of work 
stations (and therefore the number of men) required? 

(2) If the labour cost works out to one paisa per minute what would 
be the unproductive labour cost as percentage of productive cost? 

QUESTion 1. Before designing the assembly line we may show the 
sequence constraints and operation times through a schematic diagram as 
follows: 



(a) Theoretical cycle time 

(b) No of work stations 
(theoretical) 




120 units 


= 3.75 mts. per 


total operation time 
cycle time 
26 n 5 


3.75 


= 7 


To design the assembly line corresponding to the cycle time and 
number of stations as found out above, we should use the task times and 
sequence constraints given. For the total assembly job there are, in all, 
14 tasks. If each one is to be done at a different work station by a different 
person, we would need 14 stations and 14 men, against the theoretical 7. 
With 14 men and as many work stations the achievable production from the 
line would be only 107 =(450 ~ 4.2 =1 07), because 4.2 mts. which is the 
limiting operation time is the cycle time. 

For the tasks and sequence given, two separate parallel lines can be 
laid (except for the last operation) and work done simultaneously on the 
two lines. Alternately the final line may be such that tasks ‘g’ to ‘k’ are 
done after the tasks ‘a’ to T are done and then the last operation ‘1’ may be 
done. It also seems equally feasible to do operations ‘g’ to ‘k’ first, follow¬ 
ed by operation ‘a’ to ‘k’ and lastly operation ‘1’. A fourth approach 
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may be to intersperse the tasks of the two main streams of activities, still 
maintaining the sequence constraints, e.g., it is theoretically possible to do 
task ‘g’ after task ‘c\ then do tasks ‘h’ and T after task ‘d\ and then do 
both tasks ‘j’ and ‘k’ after V but before T, etc. Only precise knowledge 
of the nature of tasks would enable us to know the advantages and 
disadvantages of different methods. For instance use of common 
facilities, use of skilled workers for skilled jobs, effect on facilities and 
work place layout, etc., may make one alternative more economical than 
the other. 

As we found out, in spite of having work stations and men twice that 
of the theoretical we were still not achieving the required production rate. 
At a cycle time of 4 2 mts. except work station ‘g’ which will be fully 
occupied, all other stations will be under-utilized to various degrees. The 
next highest utilized work station will be ‘c’ and the least utilised will be 
station ‘1’. In each production cycle the operator at each station will be 
working on one product. The first work station of the line gets its part 
or assembly from material supply source whereas all other stations get 
them from the immediately preceding work stations. Since the operation 
time at work stations differ, if a work station has more work content than 
its preceding station the job will wait for the difference of time. On the 
other hand, if the preceding station takes more time, then the man at the 
succeeding station has to wait for a duration equal to the difference in 
occupancy times. For example, in the problem given above, the man at 
work station ‘d’ will have to wait for 3.6—1.2= 2.4 mts. on an average 
per cycle, after completing one cycle of task ‘d’ and before working on the 
next job. On the other hand, the job, after having completed task ‘d\ has 
to wait for 1 4 — 12 = 02 mts. on an average per cycle before task ‘e’ is 
started on it. 

The problem of balancing an assembly line is essentially one of 
minimising the waiting times for the job as well as for the men on the line. 
Obviously the easiest way to achieve such a balancing is to even out the 
‘peaks’ and ‘valleys’ by transferring work from more occupied work stations 
to less occupied ones. In our problem can we do this? The answer is ‘yes 
provided given tasks can be split into smaller or more than one task is 
loaded on one station to achieve such balancing sub-tasks. Although, 
theoretically any task can be split into smaller segments there are obvious 
practical limitations. For instance, putting a washer and threading-in a 
nut onto a stud could be split into two work elements—one element up 
to putting the washer and the other assembling the nut. But any further 
splitting of either of these elements may be unnatural, impractical and may 
in actuality only increase the work. Thus, like in the case of sequencing 
the tasks, a more intimate knowledge of the nature of tasks would help 
us in determining whether tasks can be split with advantage or not. 
Generally, any work-measured job would have already been split into con- 
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venient and practical work elements for which standards may be available 
from Time Study man. 

In our example we were told that tasks as given cannot be split fur¬ 
ther. Therefore, the only way we can balance our line is by combining 
more than one task where necessary and then assigning it to a work station, 
to be done by one man. It is obvious that in so combining the tasks, their 
basic precedence relationships should not be violated. Also, from the 
required production rate we know that no work station should be loaded 
with tasks of more than 3.75 mts. duration. Keeping these constraints 
in view the balancing can now be attempted. Three feasible alternative 
assembly line designs are given below: 


Work Station No. 

-> 1 

2 

3 

4 

5 

6 

7 

8 

ALTERNATIVE l 

Task codes 

Total task time 

a,b l 

g.h.b. 

g»b,b 3 

b 2 , i 

c 

d,j 

k,c 

r. i 

at station (mts.) 

3.5 

6.6 

6.6 

3.5 

3.6 

3.0 

3.4 

2.9 

ALTERNATIVE 11 

Task codes 

Total task time 

a,g,b 3 

a.g.b. 

b„ i 

b 2 ,h 

c 

d,j 

e,k 

f.l 

at station (mts.) 

7.2 

7.2 

3.0 

3.4 

3.6 

3.0 

3.4 

2.9 

ALTERNATIVE III 

Task codes 

Total task time 

a,b„ 

b 3 ,g,h 

a,b„ 

b 3 ,g,h 

ajbj, 

b 3 ,g,h 

b 2 .c,d, 

e,i 

b.,c, 

d,e,i 

b 2 ,c, 

d,c,i 

f,k,l 

f,k,l 

at station (mts.) 

10.1 

10.1 

10.1 

9.7 

9.7 

9.7 

4.9 

4.9 


In the first two alternatives there are two work stations whose total 
task times are more than 3.75 mts. But in both there arc duplicates of 
such work stations. Therefore, in effect the time taken per cycle will be half 
of the total time for those stations. For instance in alternative I while 
both stations 2 and 3 are doing the same tasks and each takes 6 6 mts. ; at 
the end of 6.6 mts. two jobs would have been completed—one from station 
2 and another from station 3. This is the same as saying that one unit 
would be out (after operations g, h and b 3 ) every 3 3 mts. The starting 
of work in stations 2 and 3 could also be staggered so that station 3 
could start the work 3 3 mts. after station 2 had started. The work 
station 4 would then receive the assembly alternately from stations 2 and 3 
at intervals of 3.3 mts. 

Similarly in the case of alternative II one unit of product could go to 
station 3 at intervals of 3 6 mts. alternately from work stations 1 and 2. 

In the third alternative, more tasks have been assigned to work sta¬ 
tions and the number of stations doing the same work have been corres¬ 
pondingly increased but the total number of stations remains the same. 
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Although several feasible assembly lines could be designed we showed 
only three such. Let us examine these and see if we can prefer any one 
feasible solution over the other and if so, on what considerations. 

Examination of the three alternatives tells us that the cycle times for 
alternatives I and II are 3 6 mts. and for alternative III it is 10. 1-t-3=3. 37 
mts. The number of stations and therefore the number of workers are eight 
for each design. The production from alternatives I and II would be 
450 — 3.6= 125 units, whereas from the third alternative it would be 
450-^ 3 37 = 133 units or eight units more than from the first two. 
Therefore, from the point of view of production per day, alternative III 
should be preferred. A scrutiny of tasks assigned to work stations reveals 
that in alternative III as many as five tasks are assigned at six work 
stations and two stations have three tasks each. Are there any dis¬ 
advantages of such an arrangement? The answer is ‘yes’. Some of the 
obvious disadvantages are: 

(a) Because more tasks are to be performed at a station the worker 
has to be a versatile man, particularly if the tasks differ in com¬ 
plexity. If the grouping of several tasks or the fact that one or 
two of the several tasks raises skill requirement we would be 
needing more skilled persons (and therefore more labour expen¬ 
ses) than in a situation where the skilled jobs are separated. 

(b) Even if only one or two of the tasks require the use of tools, 
fixtures or machines, we may need to provide one for each sta¬ 
tion. Even assuming that more than one work station can share 
the machine, still the total number of machines needed may be 
more. Also, when more than one person has to use the same 
facility there is likely to be some waiting time introduced. 

(c) Because an operator has to do several tasks the speed of opera¬ 
tion is likely to be reduced even if they all require more or less 
the same skill. 

(d) More time and money would be needed to train workers to be 
able to do a group of several tasks, effectively and fast enough. 

A choice between a line design like alternative III and alternatives I 
or II would have to be based on the evaluation of disadvantages and their 
comparison with the net monetary advantage from higher production. 

Combining more tasks, particularly making them varied and challeng¬ 
ing to workers, has its own advantages. These are dealt with separately 
later in this chapter. 

A comparison between alternatives I and II would also reveal that 
although the production rate from the two are same alternative I seems to 
be better since it has only one heavily occupied work station as against 
the three in alternative II. In the latter case a slight delay or slow down 
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in any one of the three critical stations (stations 1, 2 and 5) will automati¬ 
cally reduce the production correspondingly. 

question 2. The answer to this question merely requires the ealeu 
lation of balance delay. 


. , . 100 (cycle time x number of stations — total task time) 

cycle time x number of stations 
Balance delay for alternative I and II 
(3 6x8-26 5) % 


3 6x8 


■Xl00 


= 8 percent 
Balance delay for alternative III 

_ 3 37x8-26 5 
3 37x8 


x 100 


= 1.7 per cent 


Formal Methods of Sequencing and Balancing 
The method adopted in solving the problem given on 
page 246 suggests that for large problems the trial and error approach is 
time consuming and that even after a lot of labour we are not sure that 
optimal solution has been reached. The main problem is one of evaluating 
the very large number of feasible alternatives (even 15 tasks in a line with 
no sequence constraints, will have 15 ! combinations, i.e., 1,307,674,368,000) 
that exist and then choosing the best. Of course, there are bound to be 
sequence and other constraints which reduce the combinations but still the 
number are too large to manage by a trial and error approach. 

During the last 10-12 years several techniques have been developed. 
Of these the Heuristic Method developed by Kilbridge and Wester, 1 the 
technique developed by Held, et al. and the COMSOAL (Computer Method 
of Sequencing Operations for Assembly Lines) approach developed by 
Arcus 2 are the more popular ones and have tremendous application 
potential. Studies have shown that for moderate sized and small problems 
Held technique gives the best results. BufTa 3 says that for more complex 
problems the COMSOAL and the Heuristic Method are more effective. 

Keeping in view the scope of this book, only the simpler technique 
(which also has wide applications), namely, the Heuristic Method, has been 
described in this chapter. 


1. Kilbridge, M.D., and L. Wester, “A Heuristic Method of Assembly Line Balan¬ 
cing”, Journal of Industrial Engineering, Vol. 12, No. 4 (July-August), 1961. 

2. Arcus, A. L., “An Analysis of a Computer Method of Sequencing Assembly 
Line Operation” unpublished Ph.D. Dissertation, University of California, Berkeley, 
I963. 

3. E. S. BulTa, Production Inventory Systems , Planning and Control , Richard D. 
Irwin, Inc. Homewood, Illinois, 1968. 
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Heuristic Method of Line Balancing 

The method can be best explained by using it in the solu¬ 
tion of a problem. Let us take the problem we considered earlier but 
simplify it slightly, by changing production and available time. Let us 
assume the production required per day is 65 units and the time available 
is 480 mts. For these conditions with operation timings and precedence 
relationship as given in page 248 the use of the Heuristic Method is explained 
step by step. 


step 1 . Drawing a precedence diagram taking into account the 
sequence constraints dictated by technology. The diagram is 
drawn like a network denoting work element numbers in circles. 
Several columns are drawn numbered serially from left to right. 
Work elements that do not have to follow any other element are 
put under column I. All work elements that immediately follow 
the first column work elements arc noted under column II. 
Similar approach is followed till all work elements have been 
covered. This is illustrated in Fig. 2 for our problem. 

Fig. 2 

i n m w y yi TZH 

i.o. 



Production requirement per day of 480 mts.= 65 units 
Cycle lime (theoretical) = -^-=7.4 mts 

26 5 

No. of work stations (theoretical) = -yjj- =3.6=4 

26 5 

Cycle lime for 4 stations= —=6.625 
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Table I 


Column 
number of 
diagram 

Identifi¬ 
cation of 
element 

Remarks 

Element 

time 

duration 

(mts.) 

Sum of 
time 
duration 

Cumulative 

time 

sums 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

I 

a 


2.5 




g 

II....VI 

4.2 

6.7 

6.7 

II 

b t 


1.0 




b. 


1.5 




b. 


0.5 




h 

with i, j k III_VI 

1.9 




i 

with h, j k III_VI 

2.0 

6.9 

13.6 

III 

c 


3.6 




j 

with k IV....VI 

1.8 

5.4 

19.0 

IV 

d. 


1.2 




k 

V, VI 

2.0 

3.2 

22.2 

V 

c 


1.4 

1.4 

23.6 

VI 

f 


2.4 

2.4 

26.0 

VII 

l 


0.5 

0.5 

26.5 

step 2. Represent the precedence diagram in tabular form as given 


in Table I. Note that under the remarks column (C) mention is 


made against a particular element if it can be shifted 

to one 


of the columns that follow, either by itself or along with one or 


more of other elements. For example the table says that element 


‘g’ can be shifted to any one of the columns,- 

-II to VI inclusive. 


Similarly element ‘h* along with 

elements i, 

j and ‘k’ 

can be 


shifted to column 111, IV, VorVI. This means that element ‘h’ 


alone cannot be shifted to column Ilf, IV, etc., unless elements 


i, j, k are also moved with it. 

Under column D individual element times are noted against 
the respective element numbers. Under column (E) the sum of 
elemental times falling under the respective column arc noted. 
step 3. Knowing the total available production time (480 mts. in 
this case) and the required production rate (65 units per day) find 
out the cycle time. 
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In our example it is 7.4 mts. From the cycle time determine 
the number of work stations required (26. 5—7.4 = 3.6). If it is 
not an integer increase it to the immediately next higher integer 
number to get the theoretical number of stations (= 4). Using 
this number and the total operation time find out the theoretical 
minimum cycle time, i.c., 26.5-^-4 = 6.625 mts. 
step 4. Scan column (F) against each column number under (A) 
and compare the cumulative time sum with the theoretical cycle 
time. If the cumulative sum is less, move to the column below till 
you come to a value equal to the cycle time. If it is not 
possible to get a cumulative sum equal to cycle time, find a sum 
very close to but yet less than the cycle time. 
step 5. In case a cumulative sum equal to cycle time has not been 
possible to identify find out the difference between the cycle time 
and the closest cumulative sum noted, as in step 4. Now scan 
element times against columns lower down in the table and 
identify combinations of work elements whose elemental time sum 
equals the difference between the cycle time and cumulative sum 
arrived at in step 4. If work elements cannot be found for a 
total elemental time exactly equal to what is required, take 
such combinations that have a value higher than the theoretical 
minimum cycle time by the least amount such that the total does 
not exceed the cycle time corresponding to required production, 
i.c., 7.4 mts. in our case. (Note that if the cycle time exceeds 
7.4 mts. the required production of 65 units in 480 mts. cannot 
be achieved.) 

For our example the theoretical minimum cycle time is 
6.625 mts. From element times given in Table I we cannot get 
the combinations of elements to make up this total. We there¬ 
fore search for a combination that gives the least cumulative 
sum value in the range of 6.625 and 7.4. For our example 
6.7 mts. comprising elements ‘a’ and ‘g’ will be such a time. 
step 6. Prepare another table; call it Table II with columns (A) to 
(F) as in Step 2. After identifying the combination of elements 
as in step 5, move these elements in Table II also filling up other 
data in columns (A) to (F). Draw a horizontal line. The ele¬ 
ments above this now form station 1. 

For our example the two elements ‘a’ and ‘g' falling under 
col. I are the work elements forming station 1. 
step 7. Scan column (F) of Table II to identify work elements whose 
cumulative time sum equals 2 times the cycle time. For the 
problem under consideration the value is 13.25. We may note 
here that since we were unable to get a cycle lime of 6.625 and 
had to go up to 6.7 we can now go up to a cumulative time of 
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6.7x2= 13.4 nils, without further deteriorating the balancing. 
Procedure followed in steps 4 to 6 can be followed and work 
elements for station 2 identified. 

The same approach can be followed to cover all the work 
elements and to assign them to as few a number of work 
stations required as feasible. Table II gives the final allocation 
of tasks to the four work stations. 

Table II 


(A) 

(B) 

(C) 

(D) 

(£) 

(F) 

I 

a 


P 5 




g 


(4 2 

6.7 

6.7 

11 

C b i 


1.0 




b 2 


1.5 




'b 3 


0.5 



III 

c 


3.6 

6.6 

13.3 

III 

fh 


1.9 




li 


2.0 



IV 

d 


1.2 



V 

e 


1.4 

6.5 

19.8 

III 

j 


1.8 



IV 

k 


2.0 



VI 

f 


2.4 



VII 

1 


0.5 

6.7 

26.5 


We see from table II that the cycle time is 6 7 mts. Thus, against 
the theoretical cycle time of 7 4 mts. corresponding to a production of 
65 units/day we are able to get a better cycle time and therefore a higher 
production (=71 units). 

In balancing an assembly line by the Heuristic Method just described, 
the following suggestions made 1 by the authors of the methods would be 
very useful. They are: 

(a) While assigning work elements to a station the longest time 
duration elements should be assigned first, followed by the next 
lower ones in that order. Thus, small elements will be saved for 
manipulation as we move down the line from station to station. 

I. Kilbridge, M. D., and L. Wester, “A Heuristic Method of Assembly Line 
Balancing,” Journal of Industrial Engineering, Vol. 12, No. 4 (July-August), 1961. 













257 


OPERATION SEQUENCING AND ASSEMBLY LINE BALANCING 

(b) When moving the elements laterally, move them only as far to the 
right as necessary to allow sufficient choice to work stations being 
considered. 

Assembly Line Operations and Job Enlargement 
The first known contribution to production economics 
came from Adam Smith who identified the advantages of division of labour 
and wrote about this in 1776 in the book, The Wealth of the Nations . The 
three main advantages claimed were the development of skill when the same 
job was performed repetitively, saving of time lost in changing from one 
activity to another and the possible invention of machines and tools as a 
result of specialised attention on jobs done repetitively. 

Since Adam Smith’s time many management scientists and practi¬ 
tioners have advocated the use of the concept of the division of labour in 
allocating jobs to group of workers and even in organising for production 
in a factory. In the assembly line operations many have attempted to split 
operations to such an extent that an individual operator finds very little 
variety in skill or nature of hand and body movements required to perform 
the given task. Several research studies conducted in recent years have 
shown that, contrary to normal belief, such extreme division of work has 
actually resulted in lowering of productivity. The research conducted on 
this aspect has led to the concept of Job Enlargement—an approach to 
reduce worker dissatisfaction and improve human effectiveness on the job 
by enlarging the scope of jobs in respect of skill, responsibility, etc. Some 
findings 1 on the relationship of job enlargement approach to assembly line 
working have been explained below. 

A survey by C. R. Walker and R. H. Guest (77/e Man on the Assembly 
Line , Harvard University Press, Cambridge, Mass., 1952) showed that 
workers found their job more interesting and satisfying when the scope of 
their jobs was enlarged. 

Buffa has reported 2 some interesting results obtained from a set of 
experiments conducted by Marks 3 on job enlargement. The study done on 
four different job designs—line job design, group job design and two kinds 
of individual job designs—gave the following results. 

(a) Productivity was highest in the line job design. It was concluded 
that the high productivity on the line job must have been due to 
pacing of the conveyor. 

J. See E. S. Buffa, Modern Production Management , Wiley Toppan, Tokyo, 3rd 
ed., pp. 409-412. 

2. Ibid., pp. 417-420. 

3. Marks, A.R. N., “An Investigation of Modifications of Job Design in an 
Industrial Situation and Their Effects on Some Measures of Economic Productivity/* 
Unpublished Ph.D. Dissertation, University of California, Berkeley, Nov. 1964. 


17 (45-110/1970) 
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(b) The individual job designs while not giving the same output as 
in the line design, produced only one-fourth the number of defec¬ 
tive assemblies as that of line design. This was also lower than 
the defects from group job design. The conclusions on other 
advantages of individual job designs were: 

(i) Increased flexibility of production process. 

(ii) Permitted identification of individuals having deficiencies in 
productivity and quality. 

(iii) Reduced service functions such as material supply, inspection, 
etc. 

(iv) Developed a more favourable attitude towards individual 
responsibility, activity rate, distribution of workload, etc. 

When the relative merits of individual job design versus line design 
are seen in the study by Marks, the decision may depend on how we can 
quantify in terms of monetary value, the additional production from line 
design versus the cost implications of higher (4 times as much as in individual 
job design) rejections and also the intangible or long-term benefits of indi¬ 
vidual job design. 

Studies on worker absenteeism have also shown that absenteeism was 
least for jobs with more complexity. Similarly job satisfaction and responsi¬ 
bility also increased with complexity of jobs. 

Apart from assembly line jobs, job enlargement studies were done in 
respect of machine shop jobs (e.g., the IBM experiment), maintenance work, 
office work, etc. In all these categories of jobs more or less the same con¬ 
clusions were arrived at, namely, the job satisfaction, worker responsibility 
and motivation to work increased when the scope of the jobs was enlarged. 

These recent studies and the conclusions arrived at by researchers 
should be borne in mind while designing assembly line jobs. The higher 
production achieved from assembly lines with jobs split and grouped into 
smallest number and type of motion elements may in fact turn out to be 
false economy because of hidden disadvantages such as those arising from 
poor quality, worker dissatisfaction and high absenteeism. 



Case Studies for Part Six 


INDIAN ELECTRICAL INDUSTRIES (A) 

In February 1964, the production manager of Indian 
Electrical Industries asked his industrial engineering group to recommend 
•steps to increase production in the relay assembly department. One relay 
was required in each motor starter manufactured by Indian Electrical, 
and the latest sales forecast estimated an increase in demand to 8,000 starters 
per month by mid-year. In 1963, production had been scheduled at only 
185 relays per day. f .’ O '. 

Relay Assembly 

The relay was a fairly complex assembly of approximately 
130 components, consisting primarily of small pressed parts, springs, wires, 
rivets, washers, and screws. The parts were housed in a plastic box which 
measured 3"x4"x-J", and the entire unit weighed less than 250 grams. 
The cost of manufacture, estimated at Rs. 40, was broken down as follows: 
material, 75 per cent; direct labour, 8 per cent; overhead (allocated through¬ 
out the plant on the basis of labour hours) 17 per cent. 

The relay was composed of five major sub-assemblies, one of which 
was itself composed of two sub sub-assemblies. Exhibit 1 presents a detailed 
.assembly flow process chart of all the relay box components and sub-assem¬ 
blies in the sequence which, after careful study, the company’s production 
•engineering group had decided was most efficient in accordance with pro¬ 
duct design and quality considerations. Exhibit 2 describes the operations 
performed in assembling the relay and gives the numbers of the work¬ 
stations at which the operations were carried out. Exhibit 3 re-groups, by 
work stations, some of the data presented in Exhibit 2. 

Physical Layout 

20 separate work stations were used for assembly of the 
relay. All were located in a part of the motor starter assembly shop. In a 
number of cases, work-stations had been physically located on adjacent 
work-benches. These “Table Groups” consisted of the following: 


Table group 

Work stations included 
in table group 

i 

2, 4,5 

2 

6, 6a 

3 

7, 8, 9, 10, 14, 14a, 15 

4 

11,12,13 
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Table group 4 was located in a separate, air-conditioned room, since 
delicate testing instruments were used. However, within the degree of 
accuracy required, the air-conditioned environment was not essential. The 
five-ton press, the one-ton press, the riveting machine, the wire stripping 
and cutting machine, and the spot welding machine were located at work 
stations 1, 3, 16, 17, and 18 respectively. Exhibit 4 presents a physical 
layout of the work station in the relay assembly section. Approximately 
70 per cent of the space remaining in the room was taken up by the other 
motor starter assembly operations. The rest was unutilized, except for 
occasional temporary storage of items on the floor. 

Issuing of Components 

All the components required for the relay assembly were 
made in Indian Electrical’s shops, and except for the basic raw materials, 
no purchased items were involved. As the components were manufactured, 
they were sent to the factory stores. All issues to the relay assembly depart¬ 
ment were made by the storekeeper in the manner described below. The 
components for all sub-assemblies to be produced during the following 
month were issued to the department on the last working day of the present 
month. The amount issued was sufficient to cover the schedule, allow for 
rejects, and provide a small buffer stock. These components were stored 
by the department head in cabinets located in the area. Each day, the 
meterials handlers (reporting to the department head) issued every worker 
approximately one day’s supply of components (or partially completed sub- 
assemblies) to work on. Where a worker was assigned several operations 
at different stages of the assembly sequence, the material handlers 
roughly estimated how many of each of the operations would be 
performed that day, and supplied the various parts accordingly. It 
was their job to keep checking throughout the day to make sure that all 
operators were supplied with the proper quantities of the correct parts. 
The materials were placed at the work stations just prior to the start of 
the shift. 

Sub-assemblies and miscellaneous components used in final assembly 
were issued to the assembly department in lots of 2,000. These were alsa 
stored by the department head and were issued daily in the same manner as 
the sub-assembly components. At the end of each day, all of the components 
and incomplete sub-assemblies or assemblies were returned to the depart¬ 
ment’s storage cabinets, and all completed sub-assemblies and assemblies, 
were sent to the factory stores. Since all issues and receipts from or to 
the stores area were recorded on a cardex system, the department head of 
the relay assembly department did not keep any records of the inventory 
which was in the assembly department. To eliminate the possibility of 
theft, guards checked all workers before they left the plant at the end of 
the day. 
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The Workers 

The relay assembly department employed 20 operators, 
two materials handling helpers, two re-work men, and the department head. 
The majority of the workers were young women who had been carefully 
selected for dexterity and had been trained on the operations assigned to 
them. Employee turnover was moderate, mostly due to marriages and 
pregnancies; however, the department head-said that, through emphasis on 
selection and training procedures, the problem had been reduced since it was 
possible to bring a new worker up to full productivity in just a few weeks. 
Labour was readily available. 

Absenteeism, including vacation time and authorized leave time, 
averaged 12 per cent. The department head, whose responsibility it was 
to assign and schedule all work within the department, said that problems 
caused by absenteeism were minimised, since some of the work stations 
were always ahead of others (in terms of number of relays for which their 
operations had been finished), and it was possible to move operators from 
these stations to fill in for absentees. Also, over a period of time, most of 
the operators became so familiar with the jobs of other operators that they 
were almost as efficient as the regular operator in performing the tasks 
concerned. 


Wages 

The operators and re-work men were paid a daily rate 
which averaged Rs. 2. 50, plus a monthly dearness allowance of Rs. 100. 
The two materials handlers received Rs. 2.00 per day, plus the same d.a., 
and the department head was paid a consolidated salary of Rs. 280 per month. 
Except for the materials handlers, the re-work men, and work stations 1 and 
2, the department worked only one shift, from 8.40 a.m. to 5.20 p.m., six 
days a week, with a 40-minute lunch and two 10-minute tea breaks. Work 
stations 1 and 2 worked two shifts. One materials handler worked from 
5.40 a.m. to 1.20 p.m. and the other worked from 12.20 p.m. to 8.00 p.m. 
Both re-work men came in on the second shift to repair any damaged 
assemblies, sub-assemblies, or partially assembled units. 

Suggestions for Improvement 

The Industrial engineer assigned to the job first examined 
the component supply situation, and reported that there would be no diffi¬ 
culty in maintaining a steady supply of components at the rate required by 
the 8,000-per-month figure. He then examined the individual methods being 
used to assemble the relay (and its sub-assemblies) and found numerous 
opportunities for improvement. After making the changes, he set time 
standards for the revised methods by modifying the previously existing time 
study standards according to both new time studies and his experience with 
similar operations in other departments. The times presented in Exhibit 2 
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are for the revised methods, as established by the industrial engineer. All 
times are unadjusted (i.e., they do not include any provisions for allowances). 
Normally, the company added 15 per cent for personal time of the operators, 
unavoidable idle time, etc. Actual operation times in the past were consider¬ 
ably greater than those given in Exhibit 2, since the engineer’s time did not 
include time for operators to move from one machine to another, time to 
set up fixtures (especially important in riveting and spot-welding operations, 
etc.). Significant changes had been made in methods. 

In examining the operations, the engineer thought those now being 
performed on the 5- and 1-ton presses and the riveting machine might be 
performed also on small air-operated presses which were readily available in 
the market at a price of Rs. 2,000 each (compressed air was piped throughout 
the plant, and there were already numerous outlets in the assembly area). 
The operation time would remain approximately the same with the new 
machines. Two years previously, the company had set up a semi-automatic 
assembly line to manufacture a product which had soon thereafter proved to 
be uneconomical. The mechanical conveyors and the metal chutes which were 
used had been stored away and were also available for use by the relay 
department. The conveyor units were flexible, in that a number of small 
units could be assembled into one large unit, or vice versa; and there 
were, in the engineer’s opinion, more pieces of equipment than he could 
possibly use in the relay assembly department, if lie decided to make use of 
them. 

The engineer commented that although he had no idea what the actual 
figures were, he thought a considerable amount of production time was lost 
as the result of operators waiting for materials (both components and 
partially assembled units). Also, he thought that the number of parts 
which needed to be re-worked was excessive. He estimated that perhaps 
20 per cent of the sub-assemblies required some re-work at one stage or 
another, and the cause of most of the re-work seemed to be poor materials 
handling. 
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EXHIBIT-I 

FLOW DIAGRAM FOR ASSEMBLY OF SS5Q6 RELAY 


RELAY BOX (I I 
SS9Z1 


RIVET (4) 


HOLDER (I) 
55752 


bimetal (i) 

SS750 


U/LININQ (1) U/LINING (I) 


TL742 


TL743 


BINOING 

XR004 

WIRE (1) 

SCREW (1) 

M5 3B9 

X5010 

_ RIVET (6) 


INSULATION (1) 
5T751 ' 

WASHER CO 
XW 753 

POINTER. ASSEMBLY 
(1) 55 9 65 

PIN RIVET 
(1)556 0 6 


BASE PLATE 
(DSS74-6 



TERMINAL (4) 
SS706 


TERMINAL (3) 
SS709 

RIVET (6) 
XROOI 


RELEASE SLIDE 0) 
SS509 


METAL LABEL (1) 
SS011 


SCREW (3) 
X.S009 


CONTACT ARM (0 
SS723 

contact 

(1)55005 


SCREW (I) 
XS0O9 

SCREW (I) 
XSO09 

SCREW (1) 
XS009 


PIN RIVET (1) 
SS60G 

CONTACT STRIP 
(1) S572.Z 


START STRIP CO 
5T725 


COVER (1) 
55508 


COVER(I) 
SS 507 


|s-a| 

SUB-ASSEMBLY 

o 

part(fig in par¬ 
enthesis IS NO. 

PART5 NEEDED) 

© 

OPERATION 16 
(SEE EXHI-H) 


.STOP STRIP Cl) 
ST 72 6 

SEALING PAINT 
CH 420 


BLUE 
WIRE (1) 
MS404 
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Exhibit 2 

INDIAN ELECTRICAL INDUSTRIES (A) 
Operations Performed in Relay Assembly Department 


Operation 

number 

Description of operation 

Time * Work Comments 

stations 

1 

2 

3 4 5 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 


14 
15a 
15b 

15c 

15d 

15e 

15f 

15g l 

15g a 

15h 

15i 

15 
16a 

16b 

16 
17a 


Rivet 4 SS706 terminals to relay box 0.58 
using U.XR004 rivet each 
Rivet-5 SS709 terminals to relay box using 0.72 
2 XR004 rivets each 
Winding of bimetal strip** 


Spotweld end of winding*** 

Trim end of wire on bimetal after spot¬ 
welding 
Bind 

Colour Code 

Spotweld to SS708 holder*** 

Attach 1 XS010 screw to each bimetal 


1.80 

0.15 

0.27 

1.02 

0.12 

0.15 

0.84 


Using 6 XR001 rivets attach 3 bimetal 0.75 

strips and SS509 slide to relay box 

Trim end of bimetal wire 0.25 

Braze wire ends 0.58 

Bend metal label SS011 0.04 

Attach label to box 


Using 2 XR513 rivets, attach insulation 
lever to bimetal holder 
Bend compensation bimctalf 
Release pawl riveted directly to SS755 
spring strip (no separate rivet required) 
SS606 pin riveted to retaining pawl 
SS007 contact spot-welded to SS757 contact 
arm*** 

SS606 pin riveted to base plateft 

Rivet pointer assembly affixed to base platef 

Hand assembly of main components of 

release contact sub-assembly 

Using 2 XR512 rivets, attach release pawl 

and spring to subassembly 

Using 3 XS009 screws, attach sub-assembly 

SS964 to relay box 

Spotweld ft 007 contact to SS733 strip 
spring*** 

Spotweld SS733 to SS743 angle*** 

Screw sub-assembly SS928 to relay box 
Spotweld SS707 terminal and SS007 con¬ 
tact*** 

Screw SS920 sub-assembly to relay box 


1 time for all 4 
1 


2 

18 

5 

4 

4 
18 

5 
1 
7 

7 

8 


0.14 

8 

0.05 

18 

0.29 

16 

0.11 

3 

0.26 

3 

0.08 

16 

0.05 

18 

0.07 

16 

0.42 

16 

0.96 

6 

0.31 

3 

1.02 

8 

0.05 

18 

0.05 

18 

0.35 

8 

0.05 

*18 

0.45 

8 




3j>~ 


time for all 3 (0.24 
minutes each) 

3/relay (0.60 minutes 
each) 

3/relay (0.05 minutes 
each) 

3/relay (0.09 minutes 
each) 

3/relay (0.34 minutes 
each) 

3/relay (0.04 minutes 
each) 

3/relay (0.05 minutes 
each) 

3/relay (0.28 minutes 
each) 

time for total opera¬ 
tion 

time for total ope¬ 
ration (3 per relay) 
time for entire opera¬ 
tion (3 per relay) 
(These two operations 
could be performed 
on the Box (SS92I) 
at any point prior to 
operation 15) 


tif? 


17 
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Exhibit 2 (continued) 


1 

2 

. 3 

C f ft 

4 

5 

18a 

Rivet contact directly to SS723 contact 
arm (no rivet necessary) 

0.11 

3 


18b 

SS606 pin riveted to SS722 contact strip 

0.07 

16 


18c 

Hand assembly of SS919 sub-assembly 

1.03 

6a 


18 

Screw SS919 sub-assembly to relay box 

0.34 

8 


19 

Brush out and clean entire assembly 

1.02 

9 


20 

Calibration (first) and assemble ST725 start 0.73 

11 



strip to relay box 

0.46 



21 

Final adjustment and calibration 

11 


22 

Place SS508 back| cover over unit, test, 
and adjusttt 

0.59 

12 

Total time for entire 

23 

Varnish 3 XS010 screws (operation 9) 

0.12 

12 

operation (3 per relay) 

24 

Remove cover{ 

0.05 

12 


25 

Assemble partition, stop strip and two 
covers to relay box 

1.05 

13 


26 

Retest unit 

0.31 

12 


27 

Seal unit by covering three screws (opera¬ 
tion 25) with red paint 

0.53 

15 

Total time for entire 

28 

Using 3 XI36 screws, assemble three ter¬ 

0.49 

14 


minal washers to assembly 



operation 

29 

Using 8 XS135 screws assemble 8 XW741 
terminal washers to assembly 

1.62 

14a 


30a 

Cut yellow wire{{ ( 

.06 

17 


30b 

Strip yellow wire (both ends) J 

Insert into metal tag{{ 


30c 

.05 

17 


30d 

Solder tag to wire 

.16 

17 


30e 

Bend yellow wirct 

Cut blue wire{{ 1 

.06 

17 


30f 

.06 

17 


30g 

Strip both ends J 


30h 

Cut red wire{{ ] 

.06 

17 


30i 

Strip both ends J 


30k 

Bend red wire 

.03 

17 


30 

Assemble yellow, blue and red wires 

0.92 

15 

Total time for entire 



q-U-' 


operation 


* Times are in decimal minutes. They are unadjusted, and represent the standard 
time for the average worker to complete an uninterrupted operation. 

** Performed on special winding machine costing Rs. 4,000 (two pieces of wire 
are simultaneously wound around the bimetal strip which has been covered with the two 
linings). 

*** All spot-welding was performed on one machine, costing approximately 
Rs. 4,000. 

fin this operation a small, inexpensive fixture was required. 
ttThe pointer assembly was the only sub-assembly which was not made in the relay 
assembly room. It consisted of four parts, a “z”-shaped metal part, with the plane of 
the lower end of the “z” perpendicular to the plane of the other end. A plastic pointer 
had been moulded directly to the upper end and, through a hold in the lower end, a pin 
had been riveted to a washer. This pin was used to assemble the parts from operation 
15c in operation 15h. 

{This cover was not part of the assembly but was a cover which was kept at 
.•station 12 for test purposes only. 

{{Performed in a special, semi-automatic wire bending and stripping machine. An 
•end of the wire was inserted and the machine was activated by a foot pedal, thereby strip¬ 
ping the end. The wire was removed and inserted in another part of the machine (a visual 
gauge told the operator how far to insert each colour of wire). This time the machine 
cut the wire. The cut part was picked up, the newly cut end inserted into the stripper, and 
the second end was stripped. 
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Exhibit 3 

INDIAN ELECTRICAL INDUSTRIES (A) 
Relay Assembly Department Operations by Work Station 


Work 

Number of 

Operation 

Time 

Comments 

station 

workers 

number 



1 

2 

3 

4 

5 

1 

2 

1 

0.58 

2 shifts (1 worker per shift) 



2 

0.72 




10 

0.75 2.05 


2 

2 

3 

1.80 1.80 

2 shifts (1 worker per shift) 

3 

1 

15c 

0.11 




15d 

0.26 




15i 

0.31 




18a 

0.11 0.79 


4 

1 

6 

1.02 




7 

0.12 1.14 


5 

1 

5 

0.27 




9 

0.84 1.11 


6 

1 

15h 

0.96 0.96 


6a 

1 

18c 

lT03 1.03 


7 

1 

11 

0.25 




12 

0.58 0.83 


S 

1 

13 

0.04 




14 

0.14 




15 

1.02 




16 

0.35 




17 

0.45 




18 

0.34 2.34 


9 

1 

19 

1.02 1.02 


10 

1 same as Stn 8 

2.34 2.34 


31 

1 

20 

0.73 




21 

0.46 1.19 


12 

1 

22 

0.59 




23 

0.12 




24 

0.05 




26 

0.31 1.07 


J3 

1 

25 

l705 1.05 


14 

1 

28 

0.49 0.49 


15a 

1 

29 

1.62 1.62 


35 

1 

27 

0.53 




30 

0.92 1.45 






mo 
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Exhibit 3 (continued) 


1 

2 

3 

4 

5 

16 

1 

15b 

0.29 




15e 

0.08 




15g l 

0.07 




15g* 

0.42 




18b 

0.07 0.93 


17 


30a-30k 

0.50 0.50 

No operator assigned. When¬ 
ever a man had some idle¬ 

18 




time, he was assigned to this- 
job by the department head.. 

4 

0.15 


No operator assigned. When¬ 


8 

0.15 


ever a man had some idle- 


15a . 

0.05 


time, he was assigned to this. 


15f 

0.05 


job by the department head. 


16a 

0.05 



16b 

0.05 




17a 

0.05 0.55 




Exhibit 4 

INDIAN ELECTRICAL INDUSTRIES 
Layout of Relay Assembly Dept, in Motor-Starter Assembly Shop 
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QUALITY CONTROL AND PRODUCT 
RELIABILITY 


In recent years, the accomplishments of industry in the 
field of quality have been impressive. Many industrial organisations arc 
prepared to guarantee their products for long periods, primarily because 
of improved quality control in the manufacturing process. Extended 
trouble-free running time of many industrial machines is further evidence 
of the high degree of quality and reliability built which has been achieved. 
However, the picture is not uniformly rosy, and many factories are now 
losing many more rupees than necessary because of internal quality pro¬ 
blems, or as a result of field service cost. The techniques for detecting 
poor quality components in the factory are often excessively costly. In 
some cases in-factory quality control has not been able to detect those 
products which may fail in service within a very short time. Any industry 
should be vitally concerned with these conditions and these require the 
techniques popularly known as “Total Quality Control.” 

Feigenbaum defines total quality control as “an effective system for 
integrating the quality development, quality maintenance, quality improve¬ 
ment efforts of the various groups in an organization so as to enable produc¬ 
tion and service at the most economical levels which allow for full customer 
satisfaction.” 1 This activity is as much a “management tool” as production 
control and budget control. 

Many techniques are used in quality control, like sampling-inspec¬ 
tion techniques, vendor-rating methods, gauging systems, and statistical 
techniques such as X and R charts. For many years these techniques them¬ 
selves have been used as definitions of quality control. However, Feigen- 
baurn’s definition, given above, is much better. 

The concept of quality control should not be equated with “screen¬ 
ing inspection” commonly practised in many industrial establishments in 
India. In screening inspection the defective or inferior quality products 
are weeded out. Usually the inspection is performed on 100 per cent of 
output, and every piece is examined. But this system has two weaknesses. 

J. A. V. Feigenbaum, Total Quality Control (McGraw-Hill, New York, 1961). 
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(1) the faulty work is detected only after it has been done; and (2) because 
of the repetitive nature even the 100 percent inspection is no guarantee 
that only satisfactory products will leave the works. Furthermore, the cost 
of such inspection can be very high. 

On the other hand a well-designed quality control system attempts 
to anticipate problems before they occur, or at least detect faults as soon 
as they appear. In other words, it attempts to prevent the occurrence of 
poor quality rather than to correct it after manufacture. \ 

Quality does not necessarily mean “the best” in an absolute sense; 
instead, it means “best for certain customer requirements” which include 
(1) the actual use, or the function to be performed, and (2) the selling price 
of the product. The “control” consists of setting standards, appraising 
conformity with the standards, acting when these standards are violated, 
and planning for improvement. 

The fundamentals of quality control are basic to any manufacturing 
process. However, the approach may be somewhat different if produc¬ 
tion is carried out on a job-lot basis rather than in large quantities. In 
mass production, the control activities may focus on the product, whereas 
• in job-lot manufacturing they may be directed towards controlling the 
process. 

Generally, it has been found that quality costs are lowest when effort 
is expended to control .quality within the factory, and in preparatory or 
early stages of manufacture. This reduces waste, material and labour 
costs as well as expensive field-service costs, once products have been shipped. 
Increasing automation brings greater pressures for reducing quality costs 
and achieving high levels of quality. The increased speeds of manufacture 
and assembly necessitate very high quality standards, and the high invest¬ 
ment costs make it expensive to stop automated machinery for quality 
reasons. Because of these problems the industry is tending towards the 
ooncept of “make-it-the-first-time,” or what is popularly known as Zero 
Defect (Z-D). 


TECHNIQUES OF QUALITY CONTROL 

The complete range of techniques employed in quality 
control may be grouped under three major headings: (1) Quality control 
engineering, (2) Process control engineering, and (3) Quality equipment 
engineering. 


1. Quality Control Engineering 

Quality control engineering is concerned with the formu¬ 
lation of product quality policies which will provide customer satisfaction 
at minimum cost. It consists of three major phases. 
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K j) A clear definition of the organization’s quality which establishes 
limits within which quality-related decisions must be made. 

<ii) An analysis of product quality to compare existing products with 
the quality policy. This analysis identifies quality requirements 
and examines the proposed process of manufacture to see 
whether the process will produce the desired quality level. The 
analysis will also help in deciding such issues as the optimum 
level of tolerance for mating parts, the type of surface finish, etc. 
(iii) A quality planning effort whereby the specific tasks that must 
be performed to ensure the desired quality are assigned. This 
may involve a precise definition of various acceptance sampling 
methods, quality measuring equipment, vendor requirements, 
communication with other functions, etc. 

2. Process Control Engineering 

Process control engineering involves a determination of 
tthc capabilities of selected processes and the degree to which they can 
■achieve the planned values. It also aims at determining any sources of 
variations from planned values and their causes. Many statistical tools 
to be discussed later are used in this phase of quality control. 

3. Quality Equipment Engineering 

Quality equipment engineering is concerned with the 
selection of devices which can measure and detect quality standards. With 
the increased demand for higher precision necessitated by the complex 
products of modern industry, it is sometimes necessary to measure accura¬ 
tely to millionths of a millimeter. Many pieces of equipment are being 
manufactured to make such measurements, or to measure the smoothness 
of a machined surface to a few microns. In addition to requirements of 
precision, these machines must be capable of making these measurements 
rapidly, because in many cases the measurement is often fed back to auto¬ 
matically adjust the process. The measuring can be performed in any of 
the following stages: (i) prior to the process, (ii) in process, (iii) after the 
process is complete, or (iv) a combination of all these. The choice will 
depend on the type of work performed. There are a wide variety of machines 
that could be used in quality control and a detailed description of these 
machines can de found in many handbooks. 

STATISTICAL TOOLS IN QUALITY CONTROL 

With demands for increased precision of manufactured 
parts, statistics, the science of measurement, has inevitably become one of 
the most valuable techniques in quality control. Although initially there 
was much resistance towards the introduction of statistical quality control. 
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these techniques have now become widely accepted. In achieving accept¬ 
ance, a certain amount of compromise was effected between “pure” and 
“industrial” statistics. The statistical methods applied in quality control 
do not necessarily represent an exact science. 

Managers have become increasingly conscious of the fact that it is 
not enough just to study quality standards but that it is also essential to 
study the variations in product quality. These variations can be between 
or within batches of products, in the outputs of processing equipment, 
between different lots of the same article, etc. Many of these variations 
can best be studied by analysing samples. 

In quality control work, many statistical tools are used. Five impor¬ 
tant ones will be described here: (1) frequency distributions, (2) control 
charts, (3) sampling plans, (4) special methods, and (5) reliability prediction. 

Frequency Distribution 

One of the important characteristics of manufacturing is 
that no two pieces are mad s exactly alike. In many cases these variations are 
small but they do exist. These variations can be classified as: (i) variations 
within the part itself, (ii) variations among parts produced during the same 
period, and (iii) variations among parts produced at different times. These 
variations are inevitable, and are caused by a number of factors such as 
tool wear, machine vibration, poor raw materials, careless or untrained 
operators, loosening of bearings, and weather changes. If these variations 
are tabulated and then tallied to give the number of times a specific quality 
characteristic measurement occurs within a sample, and these tools then 
plotted against the measured value (with the frequency of occurrence on 
the vertical and the quality characteristic on the horizontal axis), we can 
construct a graph, popularly known as a frequency distribution. As an 
example, consider the following table which gives the values obtained on 
50 studs which were manufactured during one production run on a screw 
machine. 


Specifications for Length of Stud—10.00+. 05 


9.98 

10.00 

10.05 

10.03 

10.02 

10.01 

9.99 

10.02 

10.01 

10.01 

10.04 

10.01 

10.04 

10.04 

10.04 

10.02 

10.02 

10.04 

10.01 

10.02 

10.03 

10.04 

10.01 

10.00 

10.00 

10.04 

10.99 

10.03 

10.02 

10.02 

10.02 

10.03 

10.02 

9.99 

10.04 

10.05 

10.02 

10.00 

10.02 

10.01 

10.03 

10.03 

10.01 

10.03 

10.03 

10.00 

10.02 

10.01 

10.03 

10.03 
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The table above could also be presented as follows: 


Length 

Frequency 

Frequency per cent 
of occurrences 

Frequency 

absolute 

9.95 

— 

— 


9.96 

— 

— 


9.97 

— 

— 


8 

i 

2 

X 

9 

3 

6 

XXX 

10.00 

5 

10 

xxxx 

1 

9 

18 

xxxxxxxxx 

2 

12 

24 

xxxxxxxxxxxxx 

3 

10 

20 

xxxxxxxxxx 

4 

8 

16 

xxxxxxxx 

5 

2 

4 

XX 


It is possible now to draw the frequency distribution chart for the above 
screw. This is shown in the following figure: 



Length of Stud. 10.00*0.05 


From this figure can be seen clearly the following features: (a) the 
approximate central value, (b) the spread of the values, and (c) the relation 
of the values to the specified tolerance. In the above example, although 
the machine was set at 10.00 mm. it is seen from the curve that the central 
value was 10.02 mm. From the way the measurements bunched around 
10.03 and 10.04, it is likely that, during long production runs, some parts 
may be produced which may measure even 10.06 or 10.07, and these will 
be unacceptable. The reason for the high values may be .tool wear. If 
so, as the tool continues to wear, longer studs will be produced, and a large 
number of parts may have to be rejected during the latter stages of the 
run. Note, however, that total variation of the parts checked is 0.07 mm. 
which is entirely within the specified tolerance of 0.10 and that not a 
single defective part has been produced so far. Yet action may be called 


18(45-110/1970) 
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for. With this information preventive action might be suggested to the 
shop-man such as re-setting the machine so that the measurements will 
centre on 10.00 mm. or lower, rather than on 10.02 mm., thereby taking 
advantage of the 0 07 mm spread to produce a longer run of acceptable 
parts. If the machine was presently set at 10.00 mm. and yielding the distri¬ 
bution shown above, it might be re-set to 9.98 (to give a midpoint of 10.00) 
or even to 9.97, to give extra leeway for tool wear. The specification limits 
(9.95 and 1.05) also can be drawn on the frequency distribution chart 
as shown in the figure. These instantly indicate how the process is per¬ 
forming with respect to the specifications. The chart can be smoothened 
as shown in the figure to give the frequency distribution curve. In general, 
the shapes of most curves in industry are very similar and fall into a few 
categories. A very common curve can be represented approximately by 
the theoretical curve known as normal distribution curve, 1 which has the 
mathematical formula given by 



J_ 

a v^n 


V dx 


y 


where xi = value of individual measurement 

x = mean of the values Sxi/n (n = No. of readings in the 

sample). 


<r % = standard deviation of the values*/ a / 

V n-1 

In the above example 

x = 10.02 


= 1.64 


In the case of all normal curves, definite areas are included within known 
divisions of either side of the mean as follows: 


1 X_±<tk includes 68.26 per cent of the area under the curve 

2 X ±2cr x includes 95.45 per cent of the area under the curve 

3 X includes 99.73 per cent of the area under the curve 

4 X ±4<7 X includes 99.99 per cent of the area under the curve 

Although the normal distribution is very useful, one of the frequent 
questions raised by shop supervisors is: what should be the sample size 
for conducting tests? Two important factors need to be considered before 
answering: (a) the economical situation, i.e., how much it costs to take the 
readings, and (b) the statistical accuracy required. These two factors 
operate in opposite directions. Typically, the smaller the sample size, 
the lower the cost of sampling, the lower the reliability of the results and 

l. A. J. Duncan, Quality Control and Industrial Statistics (Richard D. Irwin Inc.), 
Homewood, Illinois, 1959). 
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vice-versa. As a result, the sample size should be determined for each 
different situation. However, for practical purposes, a sample size of 50 
readings is usually sufficiently reliable for most industrial applications. 

The frequency distribution of a sample can be used to predict the 
characteristics of an entire lot of completed units from which the sample 
was drawn. It can also be used to predict the process characteristics to 
be expected in the future. However, there are certain limitations in the 
applications of frequency distributions: (i) the sample size must be large 
enough to permit the accuracy, and (ii) the sample must be selected properly. 
Sampling techniques will be discussed later. 


CONTROL CHARTS 

A very widely applied quality control activity is that of 
controlling the quality of materials, batches, parts, etc., during the course of 
their actual manufacture. The statistical tool most generally employed 
for this work is the control chart. The starting point is the determination 
of acceptable manufacturing tolerances. 

There are numerous techniques for establishing the drawing tolerances 
and specification limits on part. In some cases they may be determined 
by carefully conducted tests. In others, they may be arbitrarily “picked 
out of the air.” Often they are based upon past experiences with similar 
materials and manufacturing processes. 

Variations in manufactured parts generally can be placed into one of 
two categories: (1) usual variations which are deviations that the shop-man 
has learned to expect, and (2) unusual variations which are deviations greater 
than the shop-man’s expectations. 

The specifications limits should be broad enough to include most 
of the expected deviations. If these limits are exceeded it should be recog¬ 
nised that something unusual has occurred which requires correction. The 
control chart helps in this analysis. It can be defined as a “chronological, 
graphical comparison between actual work quality characteristics (i.e., mea¬ 
surement) and limits reflecting the ability to produce as shown by past 
experience.” 

The comparison is generally made using measurements derived from 
samples rather than measurements of every piece produced. 

Economic factors determine whether or not a set of control limits is 
acceptable in a particular situation. If the usual variation* in the situation 
is less than that required by the specification, limits are generally satisfac¬ 
tory. However, when the usual variation as represented by the control 
limits is greater than the acceptable manufacturing tolerance, it is usually 
worthwhile studying the costs of improving vs. the cost of accepting the 
existing process, and the re-work and quality loss costs that will be associa¬ 
ted with it. 
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Most quality troubles arc not born instantaneously. They arc usually 
the result of a gradual drift towards the crisis point. An improperly ground¬ 
ed tool lends to cause unusual variation which may finally result in the 
production of defective parts. The control chart highlights such trends and 
can provide warning of the drift long before the actual production of the 
defective parts begins. 

The most common types of control charts arc the X and R Charts. 
The development of a control chart can be fairly simple as in the following 
example. Consider the following results of 10 samples: 


Observation 


Sample No. 

A 

B 

C 

D 

E 

X 

R 

i 

9.98 

10.00 

10.05 

10.03 

10.02 

10.016 

.07 

2 

10.01 

999 

10.02 

10.01 

10.01 

10.008 

.03 

3 

10.04 

10.01 

10.04 

10.04 

10.04 

10.034 

.03 

4 

10.02 

10.02 

10.04 

10.01 

10.02 

10.022 

.03 

5 

10.03 

10.04 

10.01 

10.00 

10.00 

10.016 

.03 

6 

10.04 

9.99 

10.03 

10.02 

10.02 

10.020 

.05 

7 

10.02 

10.03 

10.02 

9.99 

10.04 

10.020 

.03 

8 

10.05 

10.02 

10.00 

10.02 

10.01 

10.020 

.04 

9 

10.05 

10.03 

10.01 

10-03 

10.03 

10.026 

.02 

10 

10.00 

10.02 

10.01 

10.03 

10.03 

10.018 

.03 





= .0068 


=10.020 

R=.038 


The X is the average of the five values in each sample. R represents the 
range of values in each of these samples, i.e., the differences between the 
maximum and minimum values. 


The X could then be plotted on a graph with the X-axis representing 
the sample numbers and the Y-axis representing the value of the X. After 
a number of such samples have been checked, the average of the averages 
could be found which will be called X. A horizontal line is to be drawn 
corresponding to the value of X which represents the process mean. For 
the normal distribution it has been mentioned that the probability of the 
value falling within ±3 times the standard deviation (a) from the mean is 99.73 
per cent; in other words, there are only about three chances in one thousand 
that a value will fall outside the ±3(7 limits as long as no assignable causes 
of variation are present. This is the probability of mistakenly inferring that 
the process is out of control when it is really still under control. On the 
chart, lines corresponding to the values of X+3a and X—3<r are drawn 
which will define the control limits for this process with 99.73 per cent 
probability. 

By reducing the control limits to ±2a we would be inferring about 
4.5 times out of hundred that the process was out of control when nothing 
was really wrong. By setting wider limits the probability on making this 









QUALITY CONTROL AND PRODUCT RELIABILITY 


277 


kind of error is reduced. The wider limits decrease the probability of detect¬ 
ing quickly a change in the process average. 

The control chart for the range is also set up in a similar manner, 
and it is used to detect the changes in the range. 

Since calculating the standard deviation is a tedious process, tables 
of constants are available to simplify computation. The control limits are 


determined by using the formulae: 

Average: Lower Control Limit =X—A 2 R 

Centre Line =X 

Upper Control Limit =X+A 2 R 

Range: Lower Control Limit =D 3 R 

Centre Line =R 

Upper Control Limit =D 4 R 


For a sample size of five used in our example, A 2 = 0.577; D 3 = 0; 
D 4 = 2.114. 


Control Chart for Averages 



Selection of a Control Plan 

Before deciding on the control plan it must be clearly 
recognised that the plan will be good only for processes which are statistical 
in nature, and the variations that occur are purely random and no assign¬ 
able cause can be found. When a point falls outside the normal range, 
the reasons could be that either there was an assignable cause for varia¬ 
tion, or that the point corresponded to an unlikely sample. But when a 
point is inside the control limits it could be because there is no assignable 
cause of variation, or the process has changed due to some assignable 
cause. Thus there are two costs associated with the control—one is that 
of looking for trouble in the process when there is none and the other not 
looking for trouble when it is really present. 

Any control plan must balance these two kinds of costs. To do this 
three factors must be determined: (1) the control limits, (2) the size of the 
sample, and (3) the sampling interval. The equation describing total cost 
of a control plan is complex, and the minimisation of cost given by that 
equation can be a difficult process. Hence companies rarely attempt to 
determine the best control plan exactly. 
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From experience it has been found that sample size of four to eight 
seems to give good results in the use of X and R charts. It is also conve¬ 
nient to collect and handle samples of this size range. Approximations 
of the proper sampling size are usually based on the proven stability 
of the process—the more stable and less variable it is, the smaller the 
sample. 


Control Charts for Fraction Defective 
The previous section described the control chart where the 
inspection has been by “variables” or a measurable characteristic. In 
many instances, it is sufficient to know only whether the article is good or 
bad; i.e., inspection of the “attributes.” In such applications the horizon¬ 
tal axis of the control chart will also indicate the lot numbers, but the vertical 
scale will represent the per cent defective. The control limits arc set by 
calculating the desired a limits where a is the standard deviation of the 
per cent defectives, and the mean is the average of the per cent defectives 
over a long run. 


Sampling Plans 

The two techniques described in the foregoing section 
relate to the problem of control of measurable quality factors during produc¬ 
tion. Another class of problems relates to assuring that the outside 
material (supplied by a vendor, another dept., another plant, etc.) meets 
quality requirements. Various methods have been used to obtain this 
assurance, such as : 100 per cent inspection, spot-checking, selecting samples 
on an arbitrary basis, accepting a certificate from the vendor, and in some 
cases, having no inspection at all unless production difficulties with the 
material call for it. 100 per cent inspection is expensive and no inspection 
is risky. Statistical sampling presents a compromise method to reduce the 
inspection costs by inspecting fewer numbers and, at the same time, reducing 
the probability of acceptance of a defective item. 

The simplest type of sampling plan consists of: (1) drawing a sample 
of “n” items from among a lot “S”, (2) inspecting the “n” items, (3) com¬ 
paring the results of this process with a previously determined standard for 
acceptance, and (4) accepting or rejecting the lot based on the outcome of 
this process. 

As only a portion of the lot is inspected, two kinds of errors are 
possible—lots which are bad may be accepted, and lots which are, in fact, 
good, may be rejected. A good sampling plan will minimize these errors. 
The plan may be based on either attribute sampling (which just checks 
whether a particular attribute such as length, chemical composition, etc., 
meets the specification), or variables sampling (which measures the degree 
to which each item conforms to a given standard). Attribute sampling is 
generally less expensive. 
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Attribute Sampling 

A sampling inspection plan requires selection of the size 
of the sample, the conditions under which the samples are to be selected 
and the conditions under which a lot will be accepted or rejected. The 
size of the sample is often a compromise—it should be large enough 
to be representative of the lot and small enough to be economical. The 
quality “targets,” which are usually expressed in terms of values for per 
cent defective, vary from product to product—common articles such as 
nuts, bolts may pass with up to five per cent defective, and in some other 
instances, less than one per cent defective may be acceptable. 

Because of the nature of the sampling plan, there is an element of risk 
that a good lot will be rejected or a bad lot will be accepted. The probability 
of rejecting a lot which has per cent defectives less than the quality target 
is called the “ producer's risk ” a. Similarly, the probability of accepting a 
lot which has per cent defectives higher than the quality target is known as 
the “ consumer's risk ” or /?. 

Any sampling plan is best depicted by an operating characteristic 
curve. This curve is the distribution of probability of acceptance of agiven 
lot plotted against the per cent defective in the lot. 



The above figure represents the sampling plan where the lot size is: 


N = 2000 
Sample size n = 300 

Permissible No. of defective c = 


= 12 ( or 4 per cent ) 
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The ordinate at four per cent (which is known as the acceptable quality 
limit, AQL) cuts the curve at .95, and the amount by which this is short of 
1 (. 05 or 5 per cent of the time) is the producer’s risk (a). In other words, 
there is a 10 per cent probability that a lot with an actual per cent defective 
of less than four per cent will be rejected. For the consumer’s risk which 
is similar (i.e., /3= 10 per cent) the point on the curve corresponding to 10 
per cent would have to be found. This would occur when our percen¬ 
tage defective equalled eight per cent. This is known as the lot tolerance 
per cent defective. In other words, under this particular plan we would 
still have a 10 per cent chance of accepting a lot containing eight per cent 
defectives. Thus a sampling plan can be uniquely defined by these four 
values, viz: 

a — Producer’s risk 

P —Consumer’s risk 

AQL —Acceptable quality level 
LTPD—Lot tolerance per cent defective 

and the operating characteristic curve can be drawn. 

Since each sampling plan will result in a different curve, the sample 
size (n) and the acceptance number (c) must be so determined that the OC 
curve passes through the two points defined above. This determination is 
done in a trial and error approach. Arbitrary values of n and c arc selected, 
and then the probabilities of accepting lots with AQL and LTPD are 
figured out. These probability values are computed by using the Poisson 
Distribution 

P(c) = (pn) c /c ! 

where p represents the expected number of defectives per 

sample. 

c represents the number of defects, 
n represents number of pieces sampled. 

These P(c) values obtained for the AQL and LTPD are then compared with 
a and p . If they agree, the assumed n and c are taken as the final values. 
If not, another set of values are used and the procedure repeated till 
the probability values obtained agree with the desired values for a 
and p. 

To avoid this time consuming procedure, standard tables and charts 
have been prepared. From these it is very easy to determine a set of n 
and c values for any lot size which will meet the limits set by AQL and 
LTPD. 

These standard tables are usually catalogued by different values of 
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the Average Outgoing Quality (AOQL). This value represents the maxi¬ 
mum percentage defectives which, on the average, can be expected to leave 
the inspection point. This assumes that all defects discovered are replaced 
by good items at inspection, and that, should a sample be rejected, the 
entire lot is 100 per cent inspected and all defectives are replaced with good 
items. 

Average Outgoing Quality (AOQ) = 

where P D = Per cent defective in a lot 

P A = Probability of accepting a lot with P D defective 
N = Lot size 
n = Sample size 

By selecting series of points, the AOQ curve can be drawn for any samp¬ 
ling plan. This shows the average outgoing quality level for any incoming 
level of defectives, permitted by the plan. A typical AOQ curve is shown 
below, along with the limiting value for the AOQ. This limit is called the 
AOQL. The value of the AOQL may differ from plan to plan but the 
shape of the curve remains the same. 


Percent 
Defective 
in Outgoing 
Lots 



Quality Limit 


Percent Defectiving in Incoming Lots 


Double/Multiple Sampling Plan 

The double sampling plan reduces the amount of inspec¬ 
tion necessary to secure a given degree of protection. It is characterised 
by four values: n l9 n 2 , c lf and c 2 . The procedure is best described by the 
following chart. 
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where = Initial sample 

n 2 = Next sample (n 2 >n 1 ) 

Cj = Initial acceptance number 
c 2 = Final acceptance number 
d = Number of defects in n x 
D = Number of defects in (n 1 +n 2 ) 

In this plan, if the incoming quality is good, only the initial sample is requir¬ 
ed. As this initial sample is generally smaller than the sample in single 
sampling, the overall costs are lower—with large lot sizes, the savings can 
be substantial. The selection of the sample sizes and the acceptance num¬ 
bers to give a desired degree of protection is relatively arbitrary. First, the ap¬ 
propriate single sample plan is determined, and then some arbitrary division 
of n and c is made to give first sample characteristics which will indicate, 
within reasonable limits, the fraction defective present in the first sample. 

The basic advantages of double sampling can be extended by taking 
sequential samples. This plan is represented by the figure below: 



As n increases, c also increases and inspection is continued until the lot is 
either accepted or rejected. The value of hi, h2 and s are available for 
various combinations a, /?, AQL and LTPD. 
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Variable Sampling 

In variable sampling, the characteristics are actually mea¬ 
sured as opposed to attribute sampling where the only discrimination 
made is “good” or “bad”. These characteristics may include weight, 
dimensions, strength, etc. Whereas the underlying distribution in attri¬ 
bute sampling is binominal, the normal distribution is basic to variable 
sampling, and this leads to different relationships between a, /?, AQL and 
LTPD. 

The cost of inspection is higher for sampling by variables than by 
attributes since measurements have to be made. However, the increased 
cost can be offset by the fact that the same degree of discrimination can be 
obtained with smaller samples. There are also other advantages to vari¬ 
able sampling, such as the use of the generated data for the construction of 
X and R charts, and the elimination of doubts about border line cases, 
since the process yields continuous rather than discrete information. 

SPECIAL METHODS 

In total quality control work there are often such problems 
as: Will methods change A produce a greater quality improvement than me¬ 
thods change B? Do tolerances of assembly parts build up during assembly? 
Was the experiment to determine the causes of variation of hardness pro¬ 
perly designed? 

The answer to these and other similar problems are provided by 
special statistical methods whose mathematics are often very complicated. 
These special methods are broadly classified into two categories: 

(1) Graphical methods 

(2) Analytical methods 

Graphical Methods 

These consist of a variety of techniques which present 
quality data in pictorial forms that are designed to assist decision making. 
These include graphical presentation of frequency distribution data, gra¬ 
phing on probability paper (a specially designed graph paper on which a 
perfectly normal distribution appears as a straight line) and graphical corre¬ 
lation. 


Analytical Methods 

These consist of a variety of techniques which concentrate 
on mathematical analysis of the quality data. These include statistical 
tolerance analysis, tests of significance, design of experiments, sequential 
analysis, and mathematical correlation. These techniques are still not 
widely accepted in industry. 
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RELIABILITY 

The modern view of quality control places emphasis on 
the quality of design, development and function. This has resulted in a 
new term “ reliability .” 

Reliability is that aspect of quality assurance which is concerned with 
the quality of product function over time. One definition of reliability is 
“the probability of a product performing, without failure, its specified 
function under given conditions for a specified period of time.” In 
contrast to traditional quality control, reliability is associated with quality 
over the long term, whereas traditional quality control has been associated 
with the relatively short period of time required for the manufacture of 
the product. 

The increased use of complex products and automated production 
processes and systems has made the emphasis on the reliability segment 
of product quality significant. Prior to the development of the reliability 
concept, companies too frequently concentrated on testing their products 
at the start of product life. Hence, they used to experience extremely 
difficult reliability problems with their increasingly multi-function products 
when they were put to use by the customer. 

The Measurement of Reliability 

A basic measurement of the reliability of a product is 
the mean time between failures. This measurement leads, in turn, to the 
equally basic product parameter of failure rate. 

Most reliability analysis has been based on statistical studies which 
identify the distinct patterns of failure versus time during the life cycle 
of products and components. An increasing amount of such reliability 
data is becoming available as a result of studies by manufacturers, research 
institutes and other agencies. The table below gives the data on the per¬ 
formance of a light bulb under varying conditions. 1 


Type 5005/6A05W 


Bare-bulb 
temperature , °C 

% Survival , 
1,000 hrs . 

% Survival, 
2,000 hrs. 

% Survival, 

3,000 hrs . 

200 

97 

97 

97 

237 

76 

64 


261 

34 

19 

10 

316 

8 

3 

2 

347 

0 




I. General Electric: Tube-tcmpcraturc study on Sig. Corps Contract DA-36-039 
SC-72-42524 Feiganbaum, Total Quality Control , p. 408. 
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Another method of representing reliability data is by means of a 
graph. The X-axis is used to represent the time of operation and the Y- 
axis to indicate the failure rate. The result is known as the reliability curve 
of the product. For most electronic systems this curve takes the shape of a 
bathtub as shown in the figure below: 



"Infant Normal operating Wearout 

Mortality" period period 

period 


Time 

Common life characteristic curve 


It consists of three distinct periods. 

The first period is termed the infant mortality period and is caused by 
early failure of weak components, principally due to “assignable causes” 
of a nonrandom nature. This period is typified by a fairly high failure rate 
which drops off rapidly. 

The second is typified by a fairly constant rate of failure. Failures, 
occur in the random manner associated with a constant cause system. 

The third period is termed the wear-out period in which the failure 
rate starts to raise rapidly as the number of supervisors approaches zero* 
until all units have failed, and no more are “left to die.” 

The method of establishing this “life characteristic curve” is as follows. 
Suppose it is desired to establish this curve for light bulbs. A large sample,, 
say 200 bulbs, are selected and an experiment is conducted; e.g., these 
bulbs are operated under normal operating conditions. In this experiment 
the number of bulbs which fail during each 100 hours of burning are- 
counted. If we plot this data we may obtain a graph as given below on. 
page 286. 
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Number 

of 

Failures 



This graph shows that 20 bulbs failed during the first 100 hours of 
operation, and 18 bulbs failed during the next 100 hours of operation and so 
on. This curve gives us information about the relative frequency of failure 
of the product. Thus it is possible to estimate that the probability of a bulb 
failing between 500-600 hours of operation is 12/200 as given by the graph. 
In general this probability is expressed as: 



where Pt = probability of failure during period T 

n t = number of items having lifetimes ending during a parti¬ 
cular period T 

N = total number of items in sample. 

The accuracy of this estimate increases with larger sample sizes, and the 
estimate becomes a certainty when the sample size is equal to the total number 
of units produced. 

The probability that a bulb will survive the first 600 hours (its relia¬ 
bility) is given by 

t=o 

In the above case 

_ 1—(20+18+16-I-14+13+12) 

200 

= 1—465 

= .535 

The general expression for the reliability of a product is 



where /(t) is the relative frequency of failure. 
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After, in complex devices, failures of parts and components occur at a 
constant rate so that the failure mechanisms average out. This means that 
the same percentage of parts remaining at the start of each time interval 
will fail during that interval. For example, if we started with an initial 
sample of 200 items in the first time period and 20 items (10 percent) failed, 
then during the next time period 18 failures (10 per cent of 180) will occur; 
and in the third time period 16 failures (10 per cent of 162) will take place. 
This type of failure is known as the constant failure rate and is described by 
the exponential probability density function given by 



-t/0 


For this type of failure rate, the reliability is given by 



where T = the required life 

0 = the mean life or mean time to failure. 

This could also be written as 



where A represents the constant failure rate. 

Although the above described constant failure rate is the most fre¬ 
quently encountered pattern of failure, there are other density functions 
which accommodate most other patterns encountered in practice. These 
include the (1) Normal, (2) Gamma, (3) Weibull. These distributions are 
fairly complex and analysis of reliability according to these distributions 
requires complex mathematical techniques. 

A product is an assembly of many components. If the reliability of the 
various components are known and if the failure of any component will 
cause failure of the total product, then the product is said to be a series 
combination and the product reliability could be predicted by 

Rt = Rj X R 2 X R 3 .Rn • 

where R x , R 2 , R 3 , etc., refer to the reliabilities of the individual components. 
In the case of components which fail at constant rate 

Rt = ^~ T (?\i+?\2+^3”r • • • • ^n) 

where A P A 2 , etc., are the failure rates of the n components. 


Activities of Reliability 

The activities in the quality system that are geared to the 
establishment and control of a product’s reliability represent important 
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elements of work. The plan by which the product reliability requirements 
are to be attained involves the product-engineering specification which 
establishes the system, components and configuration; the manufacturing 
process specification by which the product is to be made; the packaging and 
transportation specifications in which the product will be protected; and 
the selection of the transportation mode by which it will be moved to the 
customer. 

Attention must first be directed toward the determination of product 
reliability requirements and the design-engineering considerations necessary 
to specifying a product which will meet these requirements. The design 
engineer must select a design which, in combination with a certain manu¬ 
facturing process, will meet the reliability requirements within the economic 
limitations involved. 

Products are often composed of many individual components, each 
of which contributes to the reliability of the product. The design engineer 
starts by considering the arrangement of components he must have to pro¬ 
vide the supporting functions essential to the overall product function. 
He then evaluates the reliability of the product on the basis of the individual 
component reliabilities. If certain individual component reliabilities are 
unknown, it may be necessary to evaluate them by simulation tests. Where 
analysis shows certain types of components to have a critical effect on the 
reliability of the product, it may be necessary to alter the design so that the 
use of such critical components is reduced or eliminated. He may decide 
to obtain components with higher reliability ratings, or to provide redun¬ 
dancy in the design. 

When the optimum theoretical product design has been created on 
paper, it is usually prudent to build a prototype and test it, measuring its 
performance and thereby determining its reliability. Such tests show up 
components which require additional reliability improvement. It is then 
possible to concentrate on these components. 

Inherent reliability must always be referred to a given product design 
and to the process used to produce it. A higher reliability value might be 
attained by changing the design, or the process, or both. It therefore 
follows that the manufacturing function of a company has a major contri¬ 
bution to make in programming product reliability. Manufacturing people 
can take aggressive, dynamic action in pushing the frontiers of knowledge 
ahead in their speciality fields to improve product reliability. 

One of the important contributions that manufacturing can make is the 
identification of the effects of process conditions on product reliability. 
For example, what dip-solder temperature gives electrical connections on a 
printed circuit board the highest reliability? What are the effects of solder- 
flux removal by certain solvents on dielectric strength of printed boards? 
These are two simple examples of the kinds of questions to which answers 
must be found if the desired product reliability is to be attained. The 
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answers involve careful research and development of manufacturing 
processes, using scientific experimentation. The only product reliability 
that counts is what the customer actually experiences. There is not much 
point in having a carefully designed and manufactured device with proven 
high reliability, in the laboratory, if its reliability is seriously reduced because 
of poor protection and rough handling during shipping. In too many 
companies, the design of packaging is regarded as a secondary matter. 
Even though the size of some companies cannot justify packaging specialists, 
the responsibility should be assigned to an organizational component with 
the required competence. 

After packages have been designed, they should be evaluated. If 
simulated shipping tests are conducted by means of impact testers, vibration 
tables, compression testers, etc., the parameters of the stresses that 
the packaged product will experience during shipment must be known. 
If actual trial shipments are made, care must be used to see that they are 
representative of what may be encountered in actual transit. A single 
shipment can hardly be expected to render conclusive results. Routes, 
method of transportation, and extremes of temperature and humidity 
should be represented in such tests. 

COSTS ASSOCIATED WITH QUALITY CONTROL 

Certain kinds of costs, associated with the improvement and 
control of product quality, provide a means of measuring and optimizing 
total quality control activities. Costs for attaining and maintaining a certain 
level of product quality must be measured against costs resulting from failure 
to obtain desired levels of quality. Such consolidated figures are known as 
“operating quality costs.” 

Operating quality costs can be broken into four different classi¬ 
fications for convenient analysis and control. These are: (l) prevention 
costs, which include quality planning and other costs associated with pre¬ 
venting defects (e.g., quality control engineering expense), (2) appraisal 
costs, or costs incurred in evaluating product quality to maintain established 
quality levels (e.g., inspection and testing costs), (3) internal failure costs, 
caused by defective materials and products that do not meet company 
specification (e.g., scrap, rework and spoilage), and (4) external failure 
costs, caused by defective products reaching the customer (e.g., complaints 
and inwarranty product service costs). 

The purpose of getting these quality costs is to seek a balance between 
rupees invested in preventive effort versus rupees saved by reducing failure 
costs. Hence, to justify the existence of a quality control programme, 
the savings (both tangible and intangible) from failure costs should be equal 
to, if not more than, the preventive costs. 

The analysis of these costs helps to establish inspection points in the 
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process that arc strategic from an overall quality-cost stand-point. For 
example, a circuit lest to check accuracy of wiring may prove to be econo¬ 
mical, particularly if a subsequent operation makes the wiring inaccessible, 
requiring an expensive dismantling operation to correct defects. 

ORGANISATION FOR QUALITY 

Organisation forms play a major role in the achievement of 
company objectives in general and quality objectives in particular. Since 
these objectives keep changing, organisation forms also keep changing. 

Generally the primary objectives of business will be best served if the 
quality control organisation views itself as the representative of the customer 
in matters of quality (and, the related cost). In other words, it performs 
those control activities which are necessary to assure that the customer 
will receive quality equal to or better than the standard he specified. 
“Customer” can mean the ultimate consumer, a warehouse, an assembly 
line, a production department or a purchasing department. A product can 
be an outside supplier or a production organisation within the plant. 

There are four basic types of quality organisations. They arc listed 
below in terms of responsibility. 


Type Characteristic 

1 No quality control or inspection organisation-operator performs 
quality checks—supervisor has final authority. 

2 Definite inspection organisation with inspection hierarchy. Reports 
to production supervisor. Responsible for quality, Production 
Supervisor has final authority. 

3 Quality control organisation on a level with the production (shops) 
organisation. Quality control represents the buyer—does all quality 
planning. In-process quality is the responsibility of the shops. 

4 Quality control autonomous in all matters of quality. Does in- 
process inspection. 


In a high volume assembly operation, where it is impossible to identify 
defects by persons causing them, it may be wise to have an autonomous 
quality control organisation. On the other hand, in any industry producing 
high precision, low volume and highly engineered products requiring skilled 
craft workers, it might be better to use a type 1 system. Here there is a 
close contact with the buyer, so the need for a separate quality control 
organisation is lessened. 

Whatever form the quality organisation may take, the intent should 
always be to delegate the responsibility for quality at the lowest level that is 
feasible economically. Fiegcnbaum expresses this percept as follows: 
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“The first job required to set up a programme of total quality control 
is for management to dovetail it with the structure and interests of 
the total organization to accept the fact that quality is everybody’s 
job in the business and to recognise quality responsibilities and 
accountabilities across the board.” 1 


1. Ibid. 



Case Studies for Part Seven 


NATIONAL DRUG PRODUCTS, LTD. 

As packaged products section head for National Drug 
Products Ltd., Mr. Vyas was responsible for meeting delivery dates and 
controlling the cost and the quality of output for all of the company's pack¬ 
aged goods. Most of National's products were manufactured and stored in 
bulk form. The actual packaging of the products was done according to 
requests from the sales department for specific quantities of the various 
package sizes of each product. 

One of Mr. Vyas’s continual problems was a high percentage of rejects 
on the packing lines which resulted from defective glass containers. He 
had just decided to add a second inspector to each line in an effort to elimi¬ 
nate this source of difficulty. 

National, a well known manufacturer of ethical and patent pharma¬ 
ceutical products, was located in Calcutta. It was an old and respected firm, 
distributing its products throughout the country. In recent years, sales had 
grown so rapidly that, in spite of continual plant-expansion programmes, 
the company’s manufacturing facilities were crowded and space was at a 
premium. In the previous ten years, sales volume (in Rupees) had almost 
doubled, and it was expected to exceed Rs. 1 crore in the near future. 

The Packaging Lines 

Twelve women worked on each of the company’s two 
packaging assembly lines. The lines consisted of long narrow tables, with 
stations on both sides. When a girl finished her operation, she passed the 
item to the next station, either alongside or opposite her, and so on down 
the line until all operations had been finished. The first girl on the line 
filled the bottles (which were brought to her and placed on a table within 
arm’s reach). The girl at the second station examined the pilfer-proof 1 
caps which were used and cleaned them, if necessary. The third girl received 
both the caps and the filled bottles, placed the caps on the bottles, and sealed 
the bottles with the use of a hand operated device. The bottles were then 
inspected at the 4th station. At number 5, a label was affixed. A second 

I. These were metal caps which were screwed on to the neck of the bottle and were 
sealed by squeezing them beneath the bottle threads of the bottle neck. The caps were 
perforated above the seal, and the only way to open the bottle was to break the seal at the 
perforation, thereby indicating that the bottle had been opened. The use of such caps 
provided the retail customer with some degree of protection against pilferage. Each cap 
cost 6 paise. 
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label was affixed at station 6. Stations 7 through 12 were identical, and 
each of the six women operators performed all of the steps necessary to place 
the bottles, any literature, etc., into boxes and then pack the boxes into 
shipping crates. The lines handled approximately 50 different products during 
the course of the year, with an average daily output of 4,000 units/day per 
line. 


Incentive System 

The six people at the end of each line were paid on an 
incentive basis. Their base rate had been set on the basis of their average 
monthly wage over the previous five years. The supervisors of the lines 
kept track of each girl’s output, and at the end of the month, each worker 
was paid an incentive bonus which was directly proportional to any increase 
over standard output that had been achieved up to a limit of 25 per cent of the 
basic monthly wage. In the past, a group incentive had been tried, but the 
more efficient workers had complained that they were being held back by the 
slower members of the group, and the system had been abandoned in favour 
of the individual incentive. 

The majority of standards had been set between 15 and 20 years ago, 
and Mr. Vyas considered them to be quite loose. In an attempt to tighten the 
standards, management had revised the figures and were applying the new 
standards to all new employees. Although this meant that an old worker 
and a new employee, standing side by side and doing the same job, might 
receive different incentive bonuses for the same output, management felt 
that fewer problems resulted from the use of such a system than would have 
if a general revision had been made for everyone. This way the old workers 
had no complaints, and jobs were so scarce in the area that the new workers 
would not dare to complain. Since it was anticipated that the employment 
situation would not change much over the next ten years, by which time most 
of the old workers would have retired, standards could be completely 
revised by this method. 

The women at the first six stations on the line were paid a straight 
monthly wage. Mr. Vyas said that no incentive was given to these people 
because it was especially important that quality be maintained in the 
operations they performed; “therefore, no incentive could be given.” He 
cited several instances in the past where incentive pay had led to poor quality 
as the workers rushed to complete everything, regardless of quality. The 
average earnings of the workers on the packaging line were Rs. 125 per month. 

Quality Control 

Rejects by the inspector averaged slightly more than 5 per 
cent. A few of these were due to faulty sealing of the caps, or to particles which 
had fallen into the product while it was being filled or capped, but the great¬ 
est majority of the rejects were due to defects in the bottles. These defects 
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consisted primarily of (1) cracks in the mouth, (2) eccentric necks, (3) excessive 
air-bubbles in the glass, and (4) dirt marks in the glass. When the inspector 
rejected an item, the contents were almost always “rcpackageablc.” Any 
bottles which were defective for the last three reasons, could be returned to 
the manufacturer for refund or replacement. 

Mr. Vyas described the procedure for handling in-coming bottle ship¬ 
ments. Quality control checked each in-coming batch. Samples were taken, 
based on a sampling acceptance plan which the company had adopted from 
literature put out by the Indian Statistical Institute. (Appendix I presents the 
company’s description of the plan’s operation.) The procedure required 
rejection of any batch which did not conform to a 5 per cent acceptance 
quality level. (See Appendix II.) However, the quality of bottles supplied was 
generally so poor, that a 5 per cent level would have led to the rejection of a 
great majority of the shipments. As a result, by agreement between quality 
control and production, a figure was used which varied between 5 and 10 
per cent, depending on how badly the bottles were needed at the time. The 
sampling was performed on a “go-no go” basis and no measurements of the 
defective characteristics were made. (See Appendix II for further description 
of sampling plans.) 

After inspection, the lot was either accepted or rejected. The rejected 
lot was returned to the manufacturer. Due to lack of storage facilities, 
accepted bottles were stored outside, in areas especially reserved for the 
bottles. As they were needed, they were washed, sterilized (when required) 
and sent to the packing line. 

Mr. Vyas said that the inspection procedure for bottles on the packag¬ 
ing line (i.e., the selection of station number 4) had* evolved fairly logically. 

“It is impossible to 100 per cent inspect the in-coming bottles because 
they come in large lorry loads, and it would take too long, so 
Quality Control sample inspects the deliveries. In addition, since the 
bottles are stored outside, there is a fair amount of breakage and 
damage due to handling and the elements, and the bottles would have 
to be inspected again anyway, when they are ready to be used. The 
washers and the people who put the finished products into the boxes 
cannot inspect the bottles, since they are on incentive, and it would 
be against their interests to reject an item. Since the bottles have 
to be inspected anyway after filling and sealing to make sure that 
they contained the proper amount and are capped correctly, the 
inspection operation was placed immediately after the sealing 
machine on the packaging line. Space and labour considerations 
appear to make it most convenient to conduct the inspection at this 
point.” 

Mr. Vyas had now decided to add another inspector to the line, just 
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before the filling station. She would 100 per cent inspect each bottle before 
it was filled. The old inspector would still check the caps and the quantity 
filled. The wage of the additional inspector, assuming a new girl were hired 
for the job, would probably be about Rs. 100 per month. 

Bottles 

Mr. Vyas said there was a big difference between semi- 
automatically and automatically manufactured bottles. The automatic bot¬ 
tles were much more uniform and an in-corning shipment generally averaged 
less than 1 per cent defects. Wherever possible, National preferred to 
use automatic bottles (sec Exhibit 1); however, orders had to be given in 
quantities greater than 1 lakh bottles, as 1,00,000 was the average daily 
output of the automatic equipment, and it was uneconomical to set up the 
machinery for any shorter runs. Mr. Vyas was thinking about eliminating 
the firm’s 450 ml. amber bottle, using the 500 ml. bottle in its place (not 
completely filled) to boost 500 ml. bottle purchases above the 1 lakh thre¬ 
shold. An industry group had begun working on the standardisation of 
packaging materials for pharmaceutical products, but up to this time most 
of the bottles ordered by different firms were different in one respect or 
another (size, shape, colour, etc.). As a result, National had not been able 
to find a bottle manufacturer who was manufacturing for stock and from 
whom National could purchase automatic bottles in small quantities. 

Only one Calcutta firm had automatic bottle making equipment at that 
time. Although it might have been possible to find manufacturers in Bombay 
who were producing some of National’s bottle size requirements for their 
customers, the high transportation cost, the probable breakage, the problem 
of returning defective bottles, and the difficulties presented by long distance 
communication had led National to reject this as a feasible alternative. 

Mr. Vyas said that changing any of National’s bottle designs or sizes 
was not a simple problem. In the past, the Marketing people had strongly 
resisted such suggestions, because they believed that most of their customers 
identified various drug products by the size, shape, and colour of the bottle 
and its labels. In a large number of cases, the customer purchased medicine 
by showing the chemist an empty bottle and asking for another bottle which 
was identical to the one in his hand. This practice was especially prevalent 
in high illiteracy areas. Also, a number of drug products required the use 
of dark coloured containers, to protect them from light, whereas customers 
generally preferred clear bottles—this forced National to use two colours. 

At the 1 lakh volume level, the costs of the semi-automatic and the 
automatic bottles were approximately the same. The high set-up cost and 
the fact that automatic bottles actually contained more glass on the average 
than semi-automatic kept the rates approximately equivalent. At volumes 
considerably higher than 1 lakh, the automatic bottles were cheaper. In 
addition to their superior quality, the automatic bottles had several other 
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major advantages: they were more uniform, and presented a much nicer 
appearance; and, because they were uniform, preparations that could be 
filled by machine could be handled more quickly and less expensively than 
if semi-automatic bottles were used (machines which measured a bottle-fill 
on the basis of the height of the fill could be employed, whereas the irregu¬ 
larities of the semi-automatic bottles required expensive and slow operating 
machines which measured the volume of the fill or the weight charge). 

Mr. Vyas said that National already had made significant progress 
with respect to standardisation of its bottles (originally, every product had 
its own bottle). However, in addition to the marketing and the volume 
considerations, one other factor was retarding the change-over to automatic 
bottles. Since Calcutta had only one automatic bottle manufacturer, 
National would be completely at the mercy of the manufacturer (or what¬ 
ever the manufacturer was at the mercy of), unless it carried large inventories. 
It did not want to tie up large quantities of cash in bottle inventories nor 
did it have the space to spare. Also, glass had a tendency to get broken in 
storage. By using semi-automatic bottles for which there were a large 
number of manufacturers in the area, National would not be “putting all 
its eggs in one basket.” Mr. Vyas felt that the additional inspector would 
satisfactorily eliminate the problem. 


Exhibit 1 

Glass Containers used by National Drug Products, Ltd. 


Yearly usage 

Size 

Color 

Description Cost 1 Hundred 

Rs. 

15,00,000 

250 ml 

Amber 

Panel (A) bottles* 

21.60 

6,00,000 

100 ml. 

Amber 

Round (A) bottles* 

10.50 

1,80,000 

50 ml. 

Amber 

Round (A) bottles 

7.75 

1,50,000 

450 ml. 

White 

Round (A) bottles 

22.45 

1,00,000 

50 gm. 

Amber 

Wide mouth glass pots** 

17.20 

90,000 

500 ml. 

Amber 

Round bottles 

22.45 

60,000 

400 ml. 

Amber 

Panel bottles 

24.80 

50,000 

450 ml. 

Amber 

Round bottles 

21.80 

50,000 

100 gm. 

Amber 

Wide mouth glass pots** 


30,000 

170 ml. 

Amber 

Emulsion bottles 

18.00 

20,000 

450 ml. 

White 

Transfusion bottles 

104.00 

15,000 

340 ml. 

Amber 

Emulsion bottles 

23.50 

10,000 

28 ml. 

Amber 

Flat bottles* 

9.20 

8,000 

55 ml. 

Amber 

Flat bottles 

10.10 

5,000 

110 ml. 

White 

Flat bottles 

9.50 

5,000 

170 ml. 

White 

Flat bottles 

11.80 


(A) =Automatic 

* = Panel bottles were basically oval in cross section, round bottles were circular, 
and flat bottles were rectangular. 

*♦ = Planning to change over to plastic containers. 











297 


QUALITY AND COST CONTROL 

Appendix I 

Sampling Plan for Glass Bottles 
Quality Control Instruction 

National Drug Products Ltd. 

The purpose of statistical sampling plans is to predict the 
Quality of a lot of material on the basis of the results of inspection of a 
sample drawn from the lot. These sampling plans have been prepared 
according to the principle of Poisson’s distribution law, using a number of 
statistical methods. The statistical prediction is not absolutely correct, but 
gives a very near approximation to the truth. 

In inspection of bottles for acceptance or rejection, a sampling pro¬ 
cedure for inspection by variables has been adopted to determine the percent 
defective, wherein each unit (each bottle) is classified simply as defective or 
non-defective with respect to a given requirement. A bottle will be called 
defective if it fails to comply with any one of the specifications set forth for 
that particular kind of bottle. Minor defects which do not materially affect 
the usability of bottle for its intended purpose arc sometimes overlooked, 
depending upon the availability of and the need for the material. 

The extent of non-conformance of a lot is expressed as percentage 
defective . Acceptance quality level (AQL) is a nominal value expressed in 
terms of percentage defective in a lot and it is specified according to the 
availability and the quality of the material concerned. 

sample size. Sample size is determined by the lot size and the 
inspection level. Normally, we adopt inspection level No. IV. More 
rigid inspection levels are followed where higher precision is needed. 

A sampling plan is given below showing the details of sample size, 
lot size and the maximum percentage defective in the sample (as found by 
inspection of the sample) for acceptance of a lot for AQL values of 5 per cent 
and 10 per cent respectively. 


Percentage defectives in sam¬ 

ple {acceptance level) 


Lot size 

Sample size 

for 5% AQL 

for 10% AQL 

301 to 

500 

30 

12.36 

17.19 

501 to 

800 

35 

12.24 

17.03 

801 to 

1,300 

40 

11.84 

16.55 

1,301 to 

3,200 

50 

11.57 

16.20 

3,201 to 

8,000 

60 

11.10 

15.64 

8,001 to 

22,000 

85 

10.73 

15.17 

22,001 to 

1,10,000 

115 

10.37 

14.74 

1,10,001 to 5,50,000 

175 

9.89 

14.15 

5,50,001 and above 

230 

9-84 

14.10 
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It is evident from the table that a lot of size say 8,000 bottles will 
be accepted if the percentage defectives in the sample does not exceed 
11.10 per cent for a -specified AQL of 5 per cent. 

The above sample plan and an acceptance level of 5 per cent should 
normally be used for bottles, although it may occasionally be necessary 
to use the 10 per cent level when bottles are badly needed. 

The acceptance level will vary according to the AQL value specified. 
The sample size varies according to the inspection level adopted. All this 
information is given in tabular form in MIL-STD-105D (Appendix II). 

Appendix II 

Characteristics of Two Types of Sampling Plans 

The use of sample inspection plans was largely developed 
and promoted by the U.S. Armed Forces, during World War II. There 
was great need to maintain high and uniform quality, and, at the same 
time, speed up delivery and maximise the utilization of available resources. 
As a result, the U.S. Government produced a series of Military Standards 
to specify procedures which it would use in examining the quality of pur¬ 
chased defence materials, and which it would require its suppliers to apply 
to their own purchases. These standards, with some revisions, have been 
adopted throughout the world. This note attempts to examine two such 
sampling plans only in such detail as is necessary to understand what was 
being done at National Drug Products, Ltd. A bibliography is attached at 
the end for readers who would like to delve more deeply into statistical 
sampling. 


MIL-STD-105D (ABC-STD-105) 1 
Every sampling plan carries with it certain risks to both 
the producer and the consumer of the items being sampled. In the former 
case, the risk is that the plan will reject a good lot, while in the latter, it is 
that a poor lot will be accepted. The characteristics of each plan can be 
described by an OC (Operating Characteristics) Curve. On the “X” 
axis, we list the actual proportion of defective items (P) in a given lot (not 
sample). The “Y” axis measures the probability of acceptance (this is 
the probability that a given plan will accept a lot with a defective propor¬ 
tion (P). Then for any given sampling plan which specifies: 

(1) Lot size — N 

(2) Sample size — n 

(3) Cutoff point —c (this is the rejection number—if the sam¬ 

ple has more than “c” defects, it is rejected.) 


1. Number in parenthesis is the International Spec. No. which has been adopted 
for the Mil-Spec. 
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We can plot the OC curve. This can be made more clear by the following 
example. Suppose company A’s lots consist of 3,000 pieces and it takes 
samples of 150 and rejects any lots whose samples show 4 or more 
defects. What is the probability of accepting the lot if the actual propor¬ 
tion (P) of defectives in the lot were 0.00? What if “P” were 0 01, etc.? 
The net result is a table looking as follows: 


p 

Probability of acceptance 

0.00 

1.000 

0.01 

.981 

0.02 

.815 

0.03 

.532 

0.04 

.285 

0.05 

* .132 

0.06 

.055 

0.07 

.021 

0.08 

.008 

etc. 

etc. 


The calculation of these probabilities can be simplified if N is very large 
in comparison with n, and if P is very small, since the distribution then 
approximates very closely the Poisson distribution, for which ready tables 
are available. 

A different OC curve can be drawn for every combination of N, n, 
and c. 

The AQL (Acceptable Quality Level) which is selected by the con¬ 
sumer is essentially that value of P which he expects as the long run process 
average of goods delivered by the producer. In the MIL-STD, it has been 
defined as follows “The AQL is the maximum per cent defective (or the 
maximum number of defects per 100 units) that for purposes of sampling 
inspection, can be considered satisfactory as a process average.” Note 
the use of the word “average.” 

Once a company has specified an AQL level, it must decide what are 
the risks that it is willing to take to accept bad lots and what are the risks 
which the producer should take. Let us assume Company A specifies an 
AQL of 2 per cent. From the above table, we can see that it will be 
accepting lots with 2 per cent defectives only 81.5 per cent of the time. 
This means that it will be rejecting 18.5 per cent of the good lots sub¬ 
mitted to it. 18.5 per cent represents the producers’ risk. 
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On the other hand, Company A may indicate that though it would 
like the process average to be 2 percent, it will accept individual lots which 
have up to 5 per cent defectives. (This as known as the LTPD, or Lot- 
Tolerance Per cent Defective.) The table indicates a probability of 5.5 per 
cent for accepting such lots. If these figures are acceptable to all parties 
concerned (i.e., on 18.5 per cent producer’s risk at the specified AQL and a 
5-5 per cent consumer’s risk at the LTPD), the above sampling plan can be 
applied. Usually, however, the AQL, the LTPD, the producer’s risk, and the 
consumer’s risks will be specified and a sampling plan will be adopted so 
that the OC curve passes through the two points (AQL, producer’s risk), 
and (LTPD, consumer's risk.) 

The MIL-STD-105D covers inspection of samples by attributes. It 
includes both Normal and Tightened inspection plans for single, double and 
multiple samples. Assuming that a producer’s record is a good one, the 
Normal plans are used. These have been selected so as to protect the pro¬ 
ducer against rejection of good lots (i.e., to minimize the producer’s risk). 
When a producer's record is or becomes poor, the tightened inspection is 
used, which increases the producer’s risk and decreases the consumer’s. 
The double and multiple plans involve taking sequential samples from the 
same lot. This note will deal only with the Normal level, single plans. 

The producer's risk under normal inspection of the MIL-STD varies, 
depending on the plan from a low of 1 per cent (in the plans with large 
sample sizes and AQL’s) to a high of 12 per cent (small sample sizes and 
AQL’s). 

Sample sizes have been selected empirically for a given lot size. 
These are the numbers which have given the best results based on experi¬ 
mentation. Actually, unless the sample size is large in comparison with 
the lot size, the OC curve can be regarded, for all practical purposes, as 
independent of lot size. (One of the major reasons for the increase in sam¬ 
ple size as the lots got bigger is due to the fact that it is difficult to get truly 
random samples from larger lots, if the samples are small.) 

The table on page 301 (from the MIL-STD) is used for selection of 
Sample Size. 

The first step in using the tables is to find the code letters which corres¬ 
pond to the lot size and the inspection level. Level II is considered normal. 
I is looser, and III is tighter. In addition to the above, the table also pro¬ 
vides some special codings to be used when sample sizes must be small, 
and large sampling risks are involved. 

Once the code has been selected, the risks for any given sampling 
procedure are automatically established. Then, one must select the desired 
AQL. This done, reference to the MIL-STD tables will tell: 

(1) what the sample size (n) should be, and 

(2) what the cutoff point (c) should be 
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Sample Size Code Letters 1 


301 


Lot size 

General inspection lev 

i n in 

2-8 

A 

A 

B 

9-15 

A 

B 

C 

16-25 

B 

C 

D 

26-50 

C 

D 

E 

51-90 

C 

E 

F 

91-150 

D 

F 

G 

151-280 

E 

G 

H 

281-500 

F 

H 

J 

501-1,200 

G 

J 

K 

1,201-3,200 

H 

K 

L 

3,201-10,000 

J 

L 

M 

10,001-35,000 

K 

M 

N 

35,001-1,50,000 

L 

N 

P 

150,001-500,000 

M 

P 

Q 

500,001 and over 

N 

Q 

R 


to achieve the desired risks with a given AQL. The following table from 
MIL-STD-105D is used for such purposes in the case of Normal Inspection, 
single sampling: 1 2 


1. E. L. Grant, Statistical Quality Control (McGraw-Hill, 1952), p. 579. 

2. Ibid ., p. 580. 
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THOMPSON CHEMICAL COMPANY 


Harold Long had recently come to India to assume the 
managing directorship of Thompson Chemical Company. Thompson, 
a medium-sized, foreign-controlled company, manufactured a broad line 
of chemical products, ranging from basic chemicals to refined chemical and 
products such as paints and cleaning fluids. 

Mr. Long was the only non-Indian on the local staff. He had been 
selected for the position by the parent company because of his broad experi¬ 
ence in the marketing of chemical products. His previous assignment 
had been as marketing manager in one of the parent firm’s large domestic 
operations, and his entire career had been in various marketing positions. 
In recent years, the market for some of Thompson’s products had become 
quite competitive and it was for this reason that Mr. Long was selected to 
replace the former managing director when he retired. Many years earlier, 
Mr. Long had spent several months in India, working with the local staff 
on the introduction of several new product lines. 

At the time the events related in this case took place, Mr. Long had 
been in India approximately one year: In a conversation with a professor 
of business administration, Mr. Long mentioned his concern about a parti¬ 
cular problem relating to solvent recovery. Something was wrong, but 
he was not sure what it was. He had about decided to close the solvent 
recovery operation, but asked Professor Jain if he would talk with people 
concerned to see if he could shed any light on the situation. He was 
particularly eager to have Professor Jain look at the company’s cost account¬ 
ing procedures, as he felt that these were intimately related to the solvent 
situation. The case describes some of the facts Professor Jain learned from 
discussions with various company managers. 

SOLVENT RECOVERY PROBLEM 

An entire “family” of chemical products manufactured by 
Thompson required the use of a solvent, SOLV. This was employed in 
the following manner: 

After numerous chemical reactions, the product was in the form of 
a powder containing both the desired product, DP, and unwanted 
chemicals, UC. The powder was then dissolved in SOLV. A pre¬ 
cipitating agent was added, causing the DP to separate. The pre¬ 
cipitate was filtered out of the solution, washed (to remove traces 
of SOLV and the precipitatingjagent), and refiltered to give the 
desired end product. 
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The solution consisting of SOLV and UC (with traces of DP and the 
precipitating agent) was piped to the solvent recovery unit where 
it was distilled. The distillate, pure SOLV, was sent to storage 
tanks where it was kept until needed for the next batch. The 
residue was thrown out. Although all batch sizes of the various 
products which required SOLV were uniform, they required differ¬ 
ent amounts of SOLV. This was due to different solubilities 
of the end products. This affected not only SOLV usage, but also 
the recovery rate in distillation. 

Two months earlier, Mr. Long had asked Mr. Gupta, the plant accoun¬ 
tant, to calculate the cost of the solvent recovery operation. Mr. Gupta’s 
figures indicated that in both the months of August and September, the cost 
of recovered solvent was greater than the purchase price of fresh solvent. 
For example, the figure was Rs. 6.20 per litre in September, as opposed to a 
market price of Rs. 4.74 per litre. The only reason why Mr. Long had 
not shut the solvent recovery operation already was because he knew that 
all of the European plants were using the process, and he did not think that 
they would do so unless it was profitable. 

Since the cost of new solvent was similar in both Europe and India, 
and since operating costs were also approximately equal (higher Indian 
power costs were offset by lower labour costs), Mr. Long could think of 
only one possible explanation for the situation. The recovery rate was a 
function of such factors as leakage, handling losses, evaporation, and losses 
incurred during filtration and distillation. Because the Indian plant 
employed much more manual handling of the materials, and because the 
ambient temperature was so much greater, he felt that losses due to handling 
and evaporation must explain the difference. However, he still was not 
comfortable with the explanation, since the discrepancy (i.e., Rs. 6.20 
vs. Rs. 4.74) was so great. 

Mr. Gupta had assured Mr. Long that the figures were correct. 
However, Mr. Contractor, the production manager responsible for the 
solvent unit, insisted that he was recovering between 85 and 90 per cent 
of the solvent on each run. He based this estimate on the amount of new 
solvent which had to be added during the occasional periods when several 
batches of the same product were run back-to-back. Mr. Long had written 
to one of his counterparts in England and had learned that a 90 per 
cent recovery rate was considered normal. Again, if Mr. Contractor’s 
estimates were correct, the differences in recovery rate would not explain 
the large difference in cost. 

Mr. Long’s uneasiness was also a function of the fact that the cost 
of batches of the same product seemed to fluctuate substantially from time 
to time. Mr. Long had frequently discussed this issue with both the Plant 
Manager and with Mr. Contractor. Mr. Contractor insisted that the 
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process was running smoothly and that there were seldom more than very 
minor variations in the amount of labour or materials consumed. Yet 
Mr. Gupta’s figures indicated wide swings. Mr. Long thought that this 
might be related to the operation of the solvent recovery unit. 

THE PROCEDURE FOR COSTING THE 
SOLVENT RECOVERY UNIT 

Mr. Gupta’s calculations for month of September are 
shown in Exhibit 1. All estimates of solvent inventory quantities were 
obtained by inserting dip-sticks into the storage tanks. Note that the 
usage figure cannot be associated with the solvent recovery rate, since 
Mr. Gupta was not concerned with the number of times the solvent had 
been recycled. Mr. Long received only the final figure (Rs. 6.20 per litre). 

Mr. Gupta indicated that he had considered another method for com¬ 
puting the cost of the SOLV. This required estimates of actual SOLV 
usage for each batch processed. Mr. Gupta said that Mr. Contractor felt 
that he could make the required estimates with a fair degree of accuracy. 
However, when Mr. Gupta ran the computation, he found the figures 
to be “ridiculously low” and had abandoned the method. Mr. Gupta 
felt that these figures far understated the value of the SOLV in inventory. 
A sample calculation is presented in Exhibit 2. 

In talking with Mr. Long, Professor Jain learned that the issue had 
not been discussed in detail with Mr. Gupta at the time Mr. Long asked 
him to compute the figures for the recovered solvent. In essence, Mr. Long 
had asked Mr. Jain to give him a figure which would accurately reflect 
the value the company should place on a recovered litre of solvent. Sub¬ 
sequent discussions concerning the matter had been with Mr. Contractor 
and with the plant manager. 

Professor Jain discovered that Mr. Contractor was extremely disturbed 
about the whole issue. “Mr. Gupta may know his accounting, but I know 
the process. We cannot be that far off from the British plant. Our losses 
aren’t that great.” 

Mr. Contractor did not receive the cost figures, nor did he think they 
were necessary. “You can do anything with numbers. The reality of the 
situation, however, is right here in production. We are dealing with 
physical quantities, not abstract accounting concepts.” 

GENERAL COSTING PROCEDURES 

Several years earlier, Thompson had installed a manufac¬ 
turing cost system. This established standard costs for both individual 
batches and for monthly departmental operations. Both batch standards 
and departmental standards will be described below. 
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Cost figures (both standard and actual) were reported only to 
Mr. Long. Mr. Long’s predecessor had felt that it would be a mistake to 
give the cost details to the production people. For one thing, some of the 
figures (e.g., overhead allocations) might be misunderstood. For another, 
the more people who saw the data, the more chance there would be for in¬ 
formation to lead to competitors, government agencies and union officials. 
Mr. Long had continued the tight restrictions on dissemination of cost 
data, largely because the wisdom of his predecessor’s policies seemed to have 
been borne out shortly after Mr. Long’s arrival in India. Recently, in nego¬ 
tiations with a competitive firm, the same union which represented Thomp¬ 
son’s workers had obtained labour and material cost and yield figures and 
had threatened to introduce these data before a labour tribunal which was 
considering a series of wage demands. This would have made the figures 
a matter of public record. As a result, the union was able to hold a major 
club over managements head. Since labour costs were relatively small 
compared to materials cost, union leaders were able to stir up a great deal 
of resentment among the workforce when management labelled the demands 
for a 30 per cent wage increase as unreasonable, even though it would only 
raise total costs by less than 3 per cent. 

Mr. Long used the standard and actual cost figures to estimate the 
efficiency of operations. Whenever substantial variations occurred, he 
would call a meeting of the various managers concerned. This usually 
involved the Plant Manager and the concerned production manager. 
Often engineering, maintenance, and marketing personnel were involved. 
Mr. Gupta attended if the matter was concerned with the plant costs, and 
the company’s chief accountant sat in if overall company costs were at 
issue. In these meetings, Mr. Long typically pointed to problem areas. 
For reasons stated above, he seldom gave actual cost figures, although he 
would often indicate relative magnitudes so that this would serve as a guide 
for corrective action. 

Batch Costs and Standards 

Batch cost standards had been established for each product. 
This had been done in the following manner: 

1. Batch quantities had been established for each product. These 
were typically functions of limitations imposed by the chemical 
reactions themselves or by the size of the processing equipment. 

2. Based upon his experience, each production manager was asked 
to estimate average materials usage per batch. These figures 
were then compared with figures supplied from England. Small 
discrepancies were anticipated due to materials handling pro¬ 
blems and temperature differences, but major differences had to 
be justified by the production people before the figures were 
accepted. 
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3. The production managers also estimated labour inputs. These 
figures (supplied in terms of number of manhours) represented 
best estimates of past performance. According to information 
obtained by Professor Jain, the production managers would take 
a typical recent month and make a rough allotment of the number 
of manhours spent to the various products which were processed 
during the period. They would make minor adjustments for 
any unusual situations, and these would be the figures supplied 
to Mr. Gupta. 

As a simplified example, suppose that during a month, only 
two products were processed: 5 batches of product A, and 7 
of product B. Assume that the work month contained 22 days. 
If 15 men were employed in the department, the total number 
of hours worked would be 2,640 (15x22x8). The production 
manager might estimate that 1,800 hours were devoted to product 
A and 840 to product B. On this basis, the figures he would 
submit would show 360 hours for product A, and 120 standard 
hours for a batch of product B. 

4. Standard materials costs were obtained from the purchasing 
department. These consisted of their best estimates of the cost 
per unit of each material for the coming year. These figures 
were then multiplied by the standard materials usage rates per 
batch to give standard batch materials costs. 

5. Standard labour costs were obtained by a series of computations. 
For each department, the average monthly wage of the direct 
labourers was computed. This was divided by the number of 
days in the month (e.g., 30 in September, and 31 in October) to 
give the standard cost of a day’s labour for each month. These 
figures were then divided by 8 to give the standard hourly cost. 
The standard hourly cost times the standard batch labour input 
gave standard labour cost per batch for a particular month. 

Although this system resulted in differing labour standards 
for different months, Mr. Gupta believed that it represented 
an accurate assessment of reality, since the workers actually 
received more pay per day in February than they did in 
January. 

6. Finally, estimates were made of overhead expenses. Typically, 
Mr. Gupta took the previous year’s actual overhead expenditures, 
divided by the total number of direct labour hours expended, 
and adjusted this figure upwards or downwards to reflect changes 
he thought would take place during the coming year. Standard 
overhead costs were then computed for each batch, based on 
the production managers’ estimates of manhours. All alloca¬ 
tions were made on the basis of direct labour hours. 
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Overhead figures also included some elements of direct 
labour. Since the production manager’s estimates of labour usage 
were based on actual working time (5 days a week, 8 hours a 
day) while the accountant’s cost computations were based upon 
a full seven-day week, there was a discrepancy between total 
standard labour costs and the total payroll—due to the two 
weekend days. Again, Mr. Gupta indicated that this was a true 
representation of the situation, since the workers were on monthly 
salaries not daily or hourly wages. He felt that the amounts 
associated with the two weekend days should be treated as 
overheads—“social overheads” as he half jokingly called them. 

Actual costs supplied to Mr. Long for each batch consisted of the 
following: 

1. Labour cost was obtained by multiplying the standard labour 
rate times the actual number of hours worked on a batch (estimated 
for each batch by the production manager). 

2. Materials costs were determined by multiplying standard materials 
costs by the actual withdrawals from stores just prior to each run. 
For example, in the case of Mr. Contractor’s department, the 
chemicals plus any SOLV which were withdrawn prior to the 
processing of a batch were charged against that batch. 

3. Overhead was charged at the standard overhead rate per hour 
times the number of man-hours estimated by the production 
manager. In the case of Mr. Contractor’s department, estimates 
were also made of the number of hours of solvent recovery labour 
devoted to a particular batch. An additional overhead amount 
(representing a proration of total monthly operating costs) was 
charged to the batch to cover the recovery costs. 

Departmental Costs and Standards 

Once the batch standards had been established, depart¬ 
mental standards were also derived. Mr. Gupta took the sales forecast 
for each product and divided it by 12 to get the average forecast output 
per product per month. He then multiplied each by the corresponding 
labour, material, and overhead batch standards and totalled these figures 
to get the monthly departmental standard. 

Mr. Long received, in addition to the batch standards and actual 
batch costs, four overall figures for each department. The first was the 
grand total of the sums of the standard batch costs times the number of 
batches actually produced. The second was the sum of actual batch costs 
for all batches produced in the department for the month. The third figure 
was the total departmental cost standard (described in the paragraph 
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above). Finally, he received total actual labour, materials, and estimated 
overhead costs for the month. Thus, he had four different figures to use 
to evaluate the operations of a given department, along with the details for 
individual batches. (The last two overall departmental figures were also 
supplied to the plant manager.) 

Reactions to the Manufacturing Cost System 

Both the plant manager and the various production mana¬ 
gers indicated the comments from Mr. Long were very helpful in keeping 
people on their toes. No one felt that the absence of detailed cost informa¬ 
tion was a serious problem, although several people indicated that they 
thought they might be able to do a better job if they had the numbers; however, 
even they were not sure. In addition, the plant manager indicated that 
cost data would not be that useful even if they were supplied because of long 
delays (figures were not usually available until 30 to 45 days after the close 
of the month) and because the processes were running smoothly and any 
major variations could easily be tied to their physical causes. For example, 
Mr. Contractor indicated that most changes in his cost relationships were 
either due to last minute market changes (e.g., necessitating substantial down 
time to flush out tanks and pipes to change from one product to another) 
or to worker errors (dumping an incorrect chemical into a vat) or to 
equipment malfunctions (spoiled batch due to a broken temperature gauge). 
The first was not within his control, and the latter two problems were easily 
identified, and in no case was cost information really essential. The pro¬ 
cesses themselves, once they were started, allowed for little variation in 
materials or labour usage. 

Mr. Gupta indicated general satisfaction with the cost system. The 
production personnel were generally cooperative in supplying the figures 
he needed, and otherwise he had little contact with them. He indicated 
that he was not always sure exactly what Mr. Long was looking for. 
Typically, he received requests for cost information in the form of cover 
memos accompanying standard forms which, he thought, had been supplied 
by the parent firm. He was just supposed to follow the format and “fill 
in the blanks.” Sometimes he was not sure just what data were needed, but 
he was usually able to refer to one of several foreign texts. 

Mr. Long also indicated general satisfaction with the system. He 
said that he did not have a very strong accounting background, so he had 
not gone into the workings of the system in depth (and he did not have time 
to do so). But he believed Mr. Gupta to be very conscientious, and he 
was very pleased with the promptness and thoroughness with which his 
numerous requests for plant cost data were met. The documentation was 
almost always perfect. 
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Mr. Gupta’s Calculations for the Cost of Recovered Solvent 
during the Month of September 


Physical quantities 
(in litres) 

Costjlitre 

Total cost for month 

(R*.) 

(A) Opening inventory 

13,526 x(F) 4.88=(H) 

66,006.88 Opening 

(B) Added to system 

13,705 X(G) 4.74=(I) 

64,961.70 Fresh 

(C) TOTAL INPUT 

(D) Left Over 

27,231 (J) 

20,142 (K.) 

128,368.38 Total 
10,508.00 Overhead 

(E) TOTAL USAGE 

7,089 (L) 

138,876.38 Total Cost 

COST OF SOLV USED 

L—(D x J 1C) 138.876—(20,142 x 128,368/27,231) 

E 

= Rs. 6.20 

7089 


notes. (F) This figure was obtained from last month’s calculations. In other 
words, during the month of October, a figure of Rs. 6.20 would be used. 

(G) Obtained from purchasing. 

(K) This figure consists of operating costs for the solvent recovery unit. It 
was fairly constant, since the unit was run on a continual basis, and costs varied only 
slightly with the amount of solvent being processed. An estimate of total cost for operation 
of the unit is as follows: 


Salaries and benefits 

Depreciation 

Maintenance 

Water 

Electricity 

Steam 


JRs. 

1,200 

2,600 

400 

600 

2,400 

3,600 

10,800 


About one-third of the cost of the water, steam and electricity was variable. Water 
and electricity were purchased. Steam was generated by the company, and the charges 
for the solvent recovery unit represented that portion of total steam generation costs 
which was indicated by metered steam usage. The solvent recovery unit required only a 
small portion of total company steam requirements. 
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Exhibit 2 

Discarded Alternative for Computing Cost of Solvent Recovery Operation 

(Month of September) 


Litres 

Cost 

(Rs.) 

Total cost 
(Rs.) 

Starting inventory 13,526 

2.10 

28,404.60 

Added to system 13,705 


64,961.70 

27,231 


93,366.30 Total cost 

Operating cost (OH) 

10,508.00 

103,874.30 Grand total 

Total number of litres of SOLV used 

=56,160 


Average cost per litre of SOLV 

=Rs. 103,874.30/56,160 


=Rs. 1. 

85 


Notes. 1. The total number of litres of solvent used were estimated by 
Mr. Contractor. 

2. The new figure for valuing the starling inventory for the month of October 
would be Rs. 1.85 (down from Rs. 2.10). 
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JOB EVALUATION AND WAGE 
DETERMINATION 

Job evaluation tries to determine the relative rank of each 
job in a broadly comparable class of jobs. The rank is achieved through 
comparisons of jobs either in toto or through objective assessment by 
different methods of the relative importance of each of the elements 
(generally termed factors) of the job requirements, such as skill, experience, 
and responsibility essential for the normal performance of the job. 

By providing methods of comparing jobs with some degree of objecti- 
vity, job evaluation makes more logical comparisons possible and for this 
reason is widely used to establish wage rate structures in industrial and bus 
iness organizations and particularly to eliminate wage inequalities between 
otherwise similar jobs within an organization. A major advantage of job 
evaluation is that it provides a tool for assessing a new job and putting a 
wage tag on it within an existing wage rate structure. The process of job 
evaluation has indirect benefits because it focuses management’s attention 
on the relative importance of job requirements for the performance of jobs. 
This helps the process of selection, training, and to make the most efficient 
use of a labour force. 


HISTORICAL BACKGROUND 

Historically, job evaluation plans were employed for the 
first time by the United States Civil Service Commission as early as 1838, in 
re-classifying the services on the basis of duties performed. The Common¬ 
wealth Edison Company of Chicago introduced job classification plans in 
1909. Acceptance of job evaluation schemes became widespread in the 1920s 
when demands for wage increases for the lower paid workers were pushed by 
trade unions which ignored job differentials. During World War II, all wages 
were frozen in the United States as a measure of control on inflationary 
wage rises. New jobs and their wages had to be justified before the National 
War Labour Board, and their correspondence to previously existing wage 
rates established using job evaluation plans. This brought about wider 
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acceptance of job evaluation techniques. After World War II, job evalua¬ 
tion schemes have been adopted in almost all countries chiefly because of 
the demand for higher wages by trade unions. 

Job evaluation focuses primarily on the job and not on the individual 
who performs it. It emphasises comparison among jobs, explicit and precise 
recognition of factors described in the job specification, and the relative 
importance of each of the factors for the performance of each job. 

It is necessary to define clearly a number of terms that are frequently 
used in describing the techniques of job evaluation. 

1. job description is a description of the job, including its title and 
the duties and responsibilities that are expected of the job. 

2. job specification (job requirements) is an explicit statement of 
the specific skills, education, experience, and other factors required 
for the effective performance of the duties and responsibilities 
expected of the job. 

3. job analysis is the systematic analysis and recording of the duties 
and responsibilities of each job. The elements of job require¬ 
ments are defined in detail so as to permit comparisons of jobs 
possible on various factors. 

4. job rating determines using the job specifications and require¬ 
ments, the degree of the respective factor that best fits the job 
contents and assigns the predetermined number of points. Job 
rating results in a total point value for each job. 

5. wage structure as used in this note, consists of the rates of 
remuneration for various jobs existing in a given firm within a 
broadly similar category of jobs, such as manual workers, cleri¬ 
cal and supervisory workers, etc. The determination of the wage 
structure is not a part of job evaluation but is determined by the 
inter-play of several factors such as: 

(a) wages paid for comparable jobs in other firms in the area, 

(b) the minimum wage laws that fix the lower limits of the wage 
structure, 

(c) the relative mobility of wage earners and the available labour 
supply, and 

(d) the firm’s own policy of wages as a tool for attracting and 
maintaining a stable labour force. 

It may be noticed that of all the four factors mentioned above, only 
one is within the control of any one organization. 

Job evaluation is primarily concerned with the internal wage structure 
that exists in a company. It seeks to rationalize the internal wage structure 
by providing a logical comparison among jobs. It may be emphasised that 
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job evaluation is concerned with problems of relative remuneration only, and 
has nothing to do with absolute wage levels or absolute wage differences. 

METHODS OF JOB EVALUATION 
There are four recognized methods of job evaluation. 

These are: 

1. The job ranking method, 

2. The job grade or classification method, 

3. The factor comparison method, and 

4. The point rating method. 

The first two methods are generally described as non-quantitative, 
while the last two are known as analytical methods. The last of these, 
being the most widely used, is treated in greater detail. 

1. Job Ranking Method 

All jobs to be evaluated are ranked on job difficulty and job 
responsibility, using the job titles and brief job descriptions, and generally 
without the use of any rating factors. Ranking, generally done by a 
committee, assumes considerable familiarity and understanding of the jobs. 
The method is simple, easily understood, involves little cost, and is appli¬ 
cable in small shops or offices where the number of jobs to be evaluated is 
relatively small. The rating is likely to be extremely subjective and may 
tend to rely on existing wages. 

2. Job Grade or Classification Method 
The job grade cr classification method, used widely for 
salaried jobs, establishes labour grades before actual job characteristics are 
examined. The grade descriptions are frequently in such a manner as to 
cover discernible differences in degree of skills, responsibility, and other job 
characteristics. A typical job grade description for a low grade of a cate¬ 
gory of jobs reads as follows:— 

“Grade GS-I includes all classes of positions, the duties of which are 
to be performed under immediate supervision with little or no 
latitude for the exercise of independent judgment.” 

(a) Simple routine work in office, business, physical operations, or 

(b) elementary work of a subordinate technical character in a 
professional, scientific, or technical field. 

Jobs are considered in toto and not broken down in component parts. 
The wage rates are set for each grade of jobs. 
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The method, relatively simple and easy to apply, is preferred in many 
instances because of its comparative vagueness. ( Where jobs are likely to 
change and are to be re-negotiated frequently, this method offers much more 
freedom for negotiation than the more precise methods of job evaluation, j 

3. The Factor Comparison Method 
) Five different factors — viz., (a) Skill requirements; (b) 
Mental requirements; (c) Physical requirements; (d) Responsibility; and 
(e) Working conditions — are used in evaluating each job. : Ranking and 
evaluation are done first on a selected group of jobs known as key jobs or 
bench mark jobs which are then used as reference points for evaluation of 
the remaining jobs. 

The key jobs should be adequately representative of the whole range 
of jobs to be evaluated, both with reference to the wages as well as to the 
importance of each of the factors. As wage rales of these jobs are used as 
standards in fixing wages for the remaining jobs, they should be the ones 
regarded as appropriately compensated. 

The key jobs are ranked with reference to each of the factors in com¬ 
parison with each other, illustrated in the table below. 


Table 1 

Ranking of Key Jobs by Factors 


Job 

Skill 

require¬ 

ments 

Mental 

require¬ 

ments 

Physical 

require¬ 

ments 

Responsi¬ 

bility 

Working 

condi¬ 

tions 

Tool maker 

1 

1 

3 

i 

5 

Machinist (Gr. I) 

2 

2 

5 

2 

3 

Electrician (Gr. I) 

3 

3 

2 

3 

4 

Assembler (Gr. I) 

4 

4 

4 

4 

1 

Janitor 

5 

5 

1 

5 

2 


The money value of each job is then distributed among the factors in 
such a way that the factor having the highest relative rank receives a greater 
part of the money wages for that job. Table 2 (page 319) illustrates the 
distribution of the money value among the factors for each job. 

I Each of the remaining jobs is then compared against the bench mark 
jobs and their relative position with regard to each factor is determined^ 
Thus, an Electrician Grade II might fall between Electrician Grade I and 
Assembler Grade I. On the basis of similar comparison, an equitable 
wage rate is evolved for each job. 
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Table 2 

Distribution of Money Value (Wage Rate in Money Units) 

Job Wage Skill Menial Physical Respon- Work- 



rate 

require¬ 

ments 

require¬ 

ments 

require¬ 

ments 

sibility 

ing 

condi¬ 

tions 

Tool maker 

20 

9.0 

' 5.0 

2.0 

3.0 

1.0 

Machinist (Gr. 1) 

18 

8.0 

4.0 

1.0 

2.0 

3.0 

Electrician (Gr. I) 

16 

6.0 

3.0 

3.0 

1.5 

2.5 

Assembler (Gr. I) 

14 

4.0 

2.0 

1.5 

1.0 

5.5 

Janitor (Gr. 1) 

12 

2.0 

1.0. 

4.0 

0.5 

4.5 


The rankings as well as the distribution of money values for the key 
jobs and evaluation of the remaining jobs are generally entrusted to a 
committee. The factor comparison method permits a more systematic com¬ 
parison of jobs than the two previous methods. However, it is less easily 
understood and the assignment of wages among the factors is necessarily 
arbitrary. The factors unlike in the point rating system have no precisely 
defined degrees or weightage. 

4. The Point Rating Method 

This is the most analytical method among the four methods. 
Its distinctive characteristics are listed below: 

(a) Points are used to quantify the relative importance of jobs. 

(b) The system recognizes a larger number of factors than the factor 
comparison method, and in addition recognizes also sub-factors. 

(c) The factors are assigned weightages by distributing the total 
number of points among the factors equally (unweighted system), 
or more commonly in some relation to the relative importance of 
each of the factors to the total performance of the job (weighted 

. system). 

(d) The points for a factor are further distributed among the sub- 
factors comprising it. 

(e) Differences in degree in each factor are recognized and the points 
assigned to a factor are distributed among the degrees. 

(f) The factors as well as the degrees are clearly and precisely defined 
and further clarified using key or bench mark jobs for each factor 
degree, in a manual designed to help the evaluator. 

(g) Each job is analysed in considerable depth with the aid of a job 
analysis sheet, and, using the factor descriptions, degree defini¬ 
tions and bench mark jobs, points are assigned for each factor. 
The number of points given for all the factors are totalled up to 
give a total point score for each job. 
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The National Electrical Manufacturers’ Association of United States 
points rating system is given below: 


Table 3 

Point Values Allotted under NEMA Point Rating System 




Points for degrees 


Total 

points 

possible 

ruClOrS and SlW-jaClOrs 

1 

2 

3 

4 

5 

skill: 

Education 

14 

28 

42 

56 

70 


Experience 

22 

44 

66 

88 

110 

250 

Initiative and ingenuity 

14 

28 

42 

56 

70 


effort: 

Physical demand 

10 

20 

30 

40 

50 

75 

Mental or visual demand 

5 

10 

15 

20 

25 


responsibility: 

Equipment or process 

5 

10 

15 

20 

25 


Material or product 

5 

10 

15 

20 

25 


Safety of others 

5 

10 

15 

20 

25 

100 

Work of others 

10 

15 

20 

25 

25 


job conditions: 

Working conditions 

10 

20 

30 

40 

50 

75 

Unavoidable hazards 

5 

10 

15 

20 

25 



source: National Electrical Manufacturers’ Association: Job Rating Manual. 
Definitions of the Factors Used in Evaluating Hourly Rated Jobs (New York, 1946), p. 2. 


It will be noticed that four major factors covering 11 sub-factors are 
recognized in this system. The system has a scale running from 100 points 
to 500 points. The number of points is not distributed equally among the 
factors but the distribution follows a weighted pattern. 250 points are 
assigned to the factor of skill, while the remaining 250 points are assigned 
among the three other factors. The system thus recognizes the factor of 
skill as the most relevant of the requirements for the category of jobs for 
which this system has been designed. It may be mentioned here that the 
members of National Electrical Manufacturers’ Association manufacture 
electrical appliances and instruments such as air-conditioners, refrigerators, 
etc. Physical effort is weighted much less heavily, being assigned only 
75 points. 

Five different degrees are recognized for each factor, and the points 
for a factor are distributed in arithmetic progression from first to the fifth, 
degree. 

It will be apparent that the use of a fairly elaborate system of this kind 
requires precise definition of factors, the sub-factors, as well as the degrees. 
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in each sub-factor. To illustrate this with reference to the sub-factor 
experience, the first degree may be defined as jobs where little or no prior 
experience is needed, and the second degree as jobs where one year’s experi¬ 
ence on similar or related jobs is required, and so on. The degree definitions 
are further clarified by giving bench mark jobs. The bench mark job would 
tend to show the kind of job where the particular degree of a factor is 
present in the judgment of the evaluating system. 

A job evaluation scheme using a point rating system applied in some 
Indian plants is reproduced below: 


Table 4* 

India: Factors and Points Under a Job Evaluation Scheme 
Used in Several Plants 



Factor 

Points 

(a) 

Skill requiring manual dexterity 

30-75 

(b) 

Physical effort 

5-30 

(c) 

Mental effort 

5-30 

(d) 

Intelligence 

10-30 

(e) 

Knowledge of precision instruments 

5-30 

(0 

Responsibility 

5-20 

(g) 

Consistency 

5-10 


* I.L.O., Job Evaluation , Studies and Reports, New Series No. 56, Geneva, 1960, 
pp. 140. 


The points assigned to a number of jobs in the engineering industry 
using the above system are given in Table 5. 

Table 5* 

Points for Various Jobs Under a Job Evaluation Scheme Used in Several Plants 
Job Points for each factor Total 



(«> 

(*i) 

(W 

(c) 

00 

00 

(f) 

No. of 
points 

Armature winder, 
simple jobs 

50 

5 

10 

10 

5 

5 

5 

90 

Armature winder, 
more difficult work 

75 

5 

30 

30 

10 

20 

10 

180 

Turner ‘C* 

40 

5 

5 

10 

5 

5 

5 

75 

Turner ‘A’ 

75 

10 

10 

30 

25 

15 

10 

175 

Grinder ‘C’ 

30 

10 

5 

10 

5 

5 

5 

70 

Grinder ‘A’ 

50 

10 

10 

20 

20 

20 

10 

140 

Grinder special grade 
Miller l C' 

60 

10 

20 

25 

30 

20 

10 

175 

40 

10 

10 

10 

10 

5 

5 

90 

Miller ‘A’ 

65 

10 

25 

30 

30 

15 

10 

185 


* I.L.O., Job Evaluation , Studies and Reports, New Series No. 65, Geneva, I960, 

pp. 140. 


21 (45-110/1970) 
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Selection of a Point Rating Plant 

An examination of the broad category of jobs to be evaluated 
would reveal the need for the construction of a new point rating plan, or the 
selection and modification of an existing plan for use. It maybe evident 
from examination of the NEM A point rating system that it may not produce 
very reliable (acceptable) results if used for a category of jobs in the coal 
mining industry where physical effort and working conditions may have to 
be relatively highly weighted. Such a system may not be suitable for super¬ 
visory or clerical workers as the factors that are involved in these jobs arc 
not necessarily the same. Construction of a point rating system should 
thus involve recognition and definition of factors common to the broad 
category of jobs to be evaluated and .the relative weightages given to the 
factors. The relative weightages of the factors should also recognize 
the economic and social conditions and values in the region or country 
concerned. 

Use of a Selected Point Rating System 
The first effort in a job evaluation study is to gather factual 
data on each of the jobs to be evaluated. This may be carried out through 
interviews and observations of the workers, interviews with supervisors, 
and through records available in the Personnel Department. The factual 
data, often collected with the aid of a job analysis sheet, should be such as 
to enable the evaluator to decide on the inclusion of a particular job in any 
degree under a particular factor without having to search for additional 
information. After the information is completed for all the jobs, the 
evaluator starts rating each job using a rating sheet. Thus, he would 
assign a job, for example, to degree two of sub-factor education, 
degree four of sub-factor responsibility for equipment or process, and 
degree five of sub-factor mental or visual demand. These three degrees 
of the three sub-factors are assigned under the NEMA system 28, 20 and 
25 points respectively. Similarly, the job collects points for each of the 
sub-factors. All the assigned points are added up to form a total point 
score for the job. 

Converting Point Scores to Monetary Value 
The maximum and minimum wage rates that an organi¬ 
zation is willing to pay arc determined by the several factors mentioned 
earlier. It still remains to link up the monetary range between the 
minimum and maximum salary with the jobs ranging from the low point 
scores to high point scores. Where a large number of different jobs exist, 
it is naturally difficult to establish a job rate for each job with its own 
point score. 

A convenient way of overcoming this is to break up the range of points 
into a number of equal intervals. Each of these intervals would form a job 
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grade. Thus, each job grade will have a number of jobs differing slightly 
in point values, but all values falling within that interval. The job base rate 
is ihen established for each job grade. The wage range is then broken up 
to correspond to the job grades established. The procedure is illustrated 
below: 


Table 6 


Maximum number of points possible 

500 

Minimum number of points possible 

100 

Job grade interval 


40 

Minimum wage 


Rs. 2.00 

Maximum wage 


Rs. 7.00 

Grade 

Points 

Base Rate 

.1 

100-140 

Rs. 2.00 to 2.50 

II 

141-180 

2.51 to 3.00 

III 

181-220 

3.01 to 3.50 

IV 

221-260 

3.51 to 4.00 

V 

261-300 

4.01 to 4.50 

VI 

301-340 

4.51 to 5.00 

VII 

341-380 

5.01 to 5.50 

VIII 

381-420 

5.51 to 6.00 

IX 

421-460 

6.01 to 6.50 

X 

461-500 

6.51 to 7.00 


In the above table, 10 grades have been set up, using a constant job 
grade interval of 40 points and a constant increment of Re. 0. 50. Alter¬ 
natively, a large number of job grades could have been set up with a corres¬ 
pondingly large number of wage grades, but at the cost of increased expenses 
in wage administration. A large range such as the one employed above 
permits a number of incremental steps within a job grade to reward increased 
training, experience, or merit of an employee. 

Implementing a Job Evaluation Study 
A job evaluation study is generally undertaken when the 
wage structure is suspected to be out of line. It is, therefore, likely that a 
study would show the presence of a number of jobs where the wages actually 
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paid are much higher than they should be according to the points scored 
and the wage grade in which they fall. A few jobs may fall below the newly 
established wage grades in actual wages paid. These will have to be raised 
to fall in line with the new wage structure. The jobs with the higher wages 
may have to be treated as special cases, new entrants to these jobs only 
being started at the wage rates recommended by the system, as it is 
generally a poor policy to cut wages after completing a job evaluation 
study. 


Planning for Job Evaluation 

The success of a job evaluation plan depends considerably 
on the care with which it is planned and introduced in the organization. In 
the first place, top management must be convinced that such a study would 
be useful. Secondly, the category of the employees whose work is being 
evaluated should understand the management’s purpose in undertaking the 
study, and be assured of its fairness and impartiality. Job evaluation 
requires considerable familiarity with the jobs being evaluated. Since it is 
unlikely that any one person would have the degree of familiarity with all the 
jobs, the person in charge of job evaluation study would have to <get the 
information from a variety of sources inside the organization. Top 
management must ensure that such support is forthcoming. A job 
evaluation advisory committee is often a method of assuring such help 
and support. 


The Attitude of Unions 

The attitude of trade unions, in general, has been mixed 
towards job evaluation. The negative attitudes arise mainly from the fear 
that job evaluation would tend to limit the power of collective bargaining. 
A clear illustration of this is that job evaluation restricts the scope for nego¬ 
tiating on a rate of pay for each job year after year, or a different job each 
year. The unfavourable attitudes of trade unions spring from a lack of 
understanding of job evaluation scheme and failure on the part of evaluators 
to carry out sound preliminary planning. The Indian National Trade 
Union Congress considered the scheme used in some Indian plants to be very 
defective—“because of the absence of consultation with workers in the 
evaluation of a scheme.. ., failure to inform them of the details of a 
scheme, the absence of union-co-operation in the conduct of job 
evaluation, the failure on the part of the evaluator to carry out essential 
foundational procedures such as job analysis and description, failure to 
evaluate working conditions and hazards, and the ascertainment as a 
result of job evaluation.” 

An outstanding example of the favourable attitude of trade unions was 
the whole-hearted participation of the United Steel Workers of America in 
the formulation of the U.S. Steel Plan which resulted in the elimination of 
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long-standing wage grievances on the part of the steel workers. Also 
deserving mention is an agreement signed on January 8, 1956 between Tata 
Iron and Steel Company and Tata Workers Union which provided for a 
joint committee, consisting of an equal number of representatives of the 
company and the union, presided over by an independent expert, and a 
provision of acceptance by both parties of the classification of jobs embodied 
in the report of the joint committee. 

Advantages and Limitations 

Job evaluation schemes, successfully implemented, reduce 
inequities in wage structure, remove grievances arising out of such inequities, 
and make possible an explanation and justification for existing wage 
differentials. By providing objective standards, it makes more systematic 
procedures for wage bargaining possible. The greater uniformity of wage 
rates and often considerable reduction in the number of job grades offers 
savings in the cost of wage and salary administration. A real advantage 
pointed out earlier is that it offers a tool for fitting new jobs rationally 
into an existing wage structure. 

The information collected during a job evaluation study could lead 
to improvement of selection, training, transfer, and promotion procedures 
on the basis of comparative job requirements. As pointed out at the 
beginning of this chapter, it could lead to more efficient use of a labour 
force, focusing on the degree of relevance of different skills to any 
particular job. 

Rapid changes in technology and consequent changes in skill require¬ 
ments raise problems of adjustment. Even otherwise, where there is a 
large proportion of incentive workers, and when incentive bases are changed 
frequently, a set structure of wages may be difficult to be maintained. 
Efforts in rating of jobs as to factor degrees, the cost in terms of money 
and time involved, the formalisation of jobs resulting from too precise job 
descriptions and the consequent rigidity to changes brought about by 
changing technology, and the fact that job evaluation in any case fails to 
provide the complete answer to the wage problem are pointed out as major 
limitations. 
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Appendix to Note on Job Evaluation* 

1. Education and/or Job Knowledge 
The factor measures the extent of education or knowledge required 
by the worker to perform the job successfully. The education or knowledge 
may be the result of native intelligence, formal schooling, self-study or 
company-sponsored educational courses. 

Degree Job Requirements Point Key or Benchmark 

Value Jobs 


1st Understands verbal instructions to per¬ 
form simple repetitive jobs. Ability to 
read simple written instructions and write 
plain production figures. 


2nd Required to operate simple machines. 

Read plainly written specifications, packing 
and shipping instructions. Should be able 
to add, subtract, multiply, and divide 
plain figures. Required education—gram¬ 
mar school or its equivalent. 

3rd Sets up and operates simple machines. 
Has to read simple drawings and under¬ 
stand simple mathematical formulas. 

Uses micrometers, precise calipers, and 
judges close dimensions. Two years’ High 
School or its equivalent. 

4th Produces jigs and fixtures. Assembles 

precision apparatus. Reads and inter¬ 
prets drawing and blue-prints of accurate 
work in process. Uses a variety of gauges. 
Requires a technical education equivalent 
to four years’ technical high school. 

5th Assembles, repairs, or inspects highgrade ma¬ 
chinery using a variety of precision gauges. 
May supervise a small group of workers 
(section leader). Requires education equi¬ 
valent to two years’ college. 

6th Directs the Operation of complex produc¬ 
tion units requiring mechanical and electri¬ 
cal engineering principles. Prepares and 
integrates schematics for laying out work 
and equipment. Requires four years’ 
technical education or engineering training. 


12 Hand Drill Press Operator 
Labourer—Common 
Loader—Shipping 
Machine (Plain) Operator 
Punch Press Oper.—Blanking 
Wood Sander—Hand 
24 Assembler (Plain sub-assemblies) 
Drill Press Oper.—Sensitive 
Grinder and Polisher 
Pipe-Fitter—Helper 
Punch Press Oper.—General 

36 Assembler—(Complicated 
sub-assemblies) 

Automatic Screw-Mach. Oper. 
Drill Press Set-up Oper. 
Machinist’s or Millwright’s 
Helper 

Tool Maker—(Small Tools) 

48 Instrument Maker (Surveying) 
Machinist—First Class 
Milling or Automatic Machine 
Set-up Man 
Millwright 

Tool Maker—Jigs and Fixtures 
Tool and Die Maker 
60 Electrician 
Layout Man 
Metallurgical Inspection 
Microscope Adjuster 
Tool and Die Making Section 
Head 

72 Automation Adjuster 
Calibrator and Tester 
Chief Electrician 


* scales for shop workers. Factor and Degree Definitions, Point Allotments and 
Key or Benchmark Jobs. 

Reproduced with permission from Adolf Langsncr and Herbert G. Zollitsch, 
Wage and Salary Administration (Cincinatti : South-Western Publishing Company, 1961), 

pp. 218-228. 
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2. Experience and Training 

The factor measures the time required by the worker to learn how to 
do the job, or the experience necessary to perform the job competently. 
Produced work should be of a quantity and quality to justify continuous 
employment. Avoid confusing experience with formal schooling. 


Degree Job Requirements 


Point Key or Benchmark 
Value Jobs 


1st 


Requires a comparatively short period of 24 Drill Press Operator 
training or experience—up to three months. Laborer 

Punch Press Operator 
Shipping Clerk 
Stocker 


2nd Requires training on the job or related 
work—over three months but not exceeding 
one year. 


48 Assembler (Intricate 
sub-assemblies) 
Pipefitter—Helpcr 
Turret Lathe Operator 
Welder, Arc 


3rd Requires specific job experience. Learning 72 Automatic Screw Machine^Oper. 
time over one year but not exceeding three Machine Assembler 
years. Millwright—Helper 

Punch Press Die Setter 
Radial Drill Press Operator 


4th Requires broad practical knowledge. Three 
years’ experience, but not exceeding four 
years. 


96 Grinder, Ext. and Int. 

Precision 

Lathe Operator—Engine 
Machinist—General 
Milling Mach. Operator and 
Set-up Man 
Millwright 


5th Requires five to six years’ training. Highly 
skilled in his occupation. 


120 Automatic Screw Machine 
Set-up Operator 
Boring Mill Set-up Operator 
Moulder 

Tool and Die Maker 


6th Requires six to eight years’ training and 144 Assembler—(Surveying 
experience. An expert in constructing tools, Instruments) 

apparatus, or complicated instruments. Constructor—Apparatus 

Capable of instructing others to become 
competent workers. 
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3. Initiative and Ingenuity 

The factor measures the nature and extent of initiative, ingenuity, 
and self-reliant judgment required to perform the job. The factor is also a 
measure of capacity to make decisions and the ability to develop a method 
of procedure. 


Degree Job Requirements Point Key or Benchmark 

Value Jobs 


1st Performs job according to verbal or simple 
written instructions. Simplest type of job, 
requiring no decisions. 


2nd Makes occasional minor routine decisions 
covered by simple and fully described ins¬ 
tructions. Very little judgment required. 


3rd Shows ability to make frequent routine 
decisions of immediate importance. May 
have to make occasional routine decisions 
even if complete descriptions are available. 


4th Makes independent decisions using initiative 
and judgment regarding procedure, policy 
and operation methods when definitely 
prescribed decisions arc not available. 


14 Hand Drill Press Operator 
Labourer—Common 
Loader—Shipping 
Machine (Plain) Operator 
Punch Press Operator 

28 Assembler (Small sub-assembly) 
Drill Press Operator—Sensitive 
Grinder and Polisher 
Pipefitter—Helper 
Punch Press Operator— 

General 

42 Assembler (Complicated 
sub-assembly) 

Automatic Screw Mach. 
Operator 

Millwright’s Helper 
Tool Maker—Small Tools 

56 Assembler (Machine) 

Electrician 

Machinist—First Class 
Millwright 

Tool and Die Maker 


5th 


Encounter jobs of a semi-complex nature. 
Must make his own decisions to complete 
the job. 


70 Calibrating and Testing 

Instrument Maker (Surveying) 
Layout Man 
Metallurgical Inspection 


6th Needs high degree of originality to think 
through an extremely difficult and complex 
job. Develops new methods and makes 
independent decisions to obtain highest 
results. 


84 Chief Electrician 
Millwright—Leader 
Tool and Die Making 
Section Head 
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4. Physical Demand 

The factor measures and compares application, endurance, fatigue, and 
strength under normal or abnormal conditions. Relates to expenditure of 
physical exertion inherent in a job to be performed at a normal pace. 
Consideration must be given to muscular exertion required for material hand¬ 
ling, use of tools, and operation of machines. Also consider weights when 
the job requires pushing, pulling, or lifting, frequency of weight handling, 
speed and time required to complete a job is equally important. Observe 
bodily motions and positions (sitting, bending, standing, kneeling) required 
in a day's work. 


Degree Job Requirements Point Key or Benchmark 

Value Jobs 


1st 


Very light physical exertion sustained. 
Minimum of effort required for observation 
(sitting). Light assembly work and lifts 
weights of 1 to 10 lbs. 25 per cent of total 
lime. 


10 Assembling. Light 

Counting (by Scale Weighing) 
Crane Operator 
Inspection (Visual) 

Light Material Handling 


2nd Light physical exertion using hand tools. 
Works regularly with materials weighing 5 
to 15 lbs. 25 to 50 per cent of working time. 
Operates gasoline truck, tractor. Operates 
where machine time exceeds handling time. 


20 Lathe Operator (Engine) 
Machinist (General) 

Stock Handler 
Tool Maker 

Truck Operator (Gasoline) 


3rd 


Moderate physical exertion. Lifts, pushes, 
or pulls 20 to 25 lbs. 50 per cent of the 
time. Job may require coordination of eyes, 
hands, and feet. 


30 Assembler (Floor) 
Die Maker 
Labourer 
Millwright 
Sprayer and Painter 


4th 


Partially heavy physical exertion. Works 
in awkward positions, climbs ladders or 
stairs, pushes, pulls, or lifts 30 to 40 pounds 
over 50 per cent of the time. 


40 Carpenter 
Labourer 

Material Handling—Heavy 
Painter 

Trucker (Hand) 


5th 


Heavy continuous exertion in abnormally 
hot or cold temperatures. Uses heavy 
hand tools such as picks, hammers, bars, 
or heavy pneumatic tools. Lifts 45 to 
50 lbs. over 50 per cent of the time. 


50 Blacksmith 
Chipper 

Coal Shoveller \ 

Grinder of Heavy Castings 


6th 


Exceptionally heavy work with continuous 
exertion in abnormal temperatures. Pushes, 
pulls, or lifts 50 to 60 lbs. in awkward posi¬ 
tions 55 to 60 per cent of the time. 


60 Foundry Worker 

Labourer (Loading Cars) 
Painter (Handling Ladders) 
Trucker 
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5. Mental and/or Visual Demand 

The factor measures the degree of nervous fatigue resulting from* 
performing the job. Consider mental or visual concentration and attention 
required to perform a fair day’s work. Also, consider the complexity of 
the job, evaluating the time necessary to visualize the job. 


Degree Job Requirements Point Key or Benchmark 

Value Jobs 


1st No mental effort required. Simplicity of 
the job or automation does not call for 
adjustments. May require visual attention 
at infrequent intervals. 


5 Hand Trucker 
Machine Loader 
Stocker 


2nd Job consists of rough work requiring limit¬ 
ed mental and visual attention. No test¬ 
ing or checking required. Repetitive or 
automatic operations may require frequent 
visual attention. 


10 Laborer 

Machine Operator (Automatic)- 
Machinist’s Helper 
Millwright's Helper 
Sweeper 


3rd 


Job consists of repetitive work requiring 
mental and/or visual attention. Machine 
operations need adjustments from lime 
to time. Inspection of work with close 
tolerances. Machine set-ups or operation 
of trucks or tractors in close area. 


15 Assembler (sub-assemblies) 

Drill Press Operator 

Hand Screw Machine Operator 

Trucker (Power) 


4th 


Calls for close work with continuous mental 
and visual concentration. Necessitates 
coordination of mind and eye for inspection 
of close tolerances or keeping machines 
precisely adjusted. 


20 Assembler (Accurate Work); 
Cam Cutter 

Lathe Operator (Engine) 
Millwright 

Milling Machine Operator 


5th Necessitates very close work requiring highest 
mental and visual concentration. Work 
may require magnifying apparatus for close 
inspection. 


25 Assembler (Precision Instr.> 
Grinding (Precision) 
Inspection (Microscopic) 
Layout Man 
Set-up Man 


6th Requires extremely accurate and diversi¬ 
fied work with constant concentration of 
mental and visual effort. Work is of a 
precise nature calling for extreme exactness 
in planning and organization. 


30 Adjuster of Automatic 

Equipment (Automation) 
Watchmaking 
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6. Responsibility for Equipment or Tools 

The factor measures the degree of responsibility placed on the workers 
to prevent loss of, or damage to, equipment and/or tools. The degree is 
measured according to probable cost of repair or replacement of equipment 
such as machines, dies, fixtures, jigs, dial gauges, Johansson blocks, micro¬ 
meters, precision calipers, optical gauges, cutting tools, electric hand drills, 
or pneumatic tools. 


Degree 


Job Requirement Point Key or Benchmark 

Value Jobs 


1st Uses simple hand tools with remote proba- 6 Assembler (Plain sub-assembly) 
bility of damaging equipment. Probable Labourer (Common) 
loss not over $5. Sweeper 


2nd Uses tools and equipment which are not 
easily damaged. Probable loss 36 to 325. 


12 Assembler (sub-assemblies) 
Janitor 
Packer 
Stocker 

Trucker (Hand) 


3rd 


Uses tools and equipment requiring some 18 Automatic Machine Operator 
attention to prevent damage. Probable Blacksmith 
loss $26 to $50. Chipper 

Drill Press Operator 
Trucker (Power) 


4th 


Uses tools and equipment requiring mode- 24 Lathe Operator 
rate attention to prevent damages on dies. Lens Grinder 
power-driven equipment, motor-driven Punch Press Operator 

trucks, etc. Probable loss $51 to S100. Truck Driver 

Welder 


5th 


Considerable attention required to prevent 
loss of tools or damage to complex machines. 
May involve some production losses. Pro¬ 
bable loss $101 to $400. 


30 Assembler (Using Optical Instr.) 
Craneman 
Molder (Precision) 

Punch Press Set-up Man 
Tool and Die Maker 


6th High degree of attention and continued 
care required to prevent damage to precision 
machinery and equipment where entire 
responsibility is placed on the operator. 
Probable loss $401 to $1,000. 


36 Automation Machine Adjuster 
Complicated Line Set-up Man 
Dividing Machine Operator 
(Surveying Instruments) 
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7. Responsibility for Material or Product 

The factor measures the degree of responsibility placed on the worker 
to prevent spoilage of material, damage, or waste of products. The activity 
may consist of manufacturing, transporting, stocking, loading, unloading, or 
inspecting materials, parts, or assembled products. When evaluating this 
factor, consider monetary losses involved in the cost of materials and labour 
necessary for replacements. 


Degree Job Requirements Point Key or Benchmark 

Value Jobs 


1st Job is very simple. Damage to materials 
or products unlikely to occur. Probable 
loss 510 or less. 


7 Assembler (Simple) 
Counter and Packer 
Grinder (Rough) 
Janitor 

Labourer (Common) 


2nd Job requires ordinary care to prevent 
material spoilage or damage to product. 
Losses occur occasionally. Probable loss 
due to scrapping of material or damage to 
product not to exceed §50. 


14 Drill Press Operator 
Punch Press Operator 
Screw Machine Operator 
Sprayer 
Trucker 


3rd 


Job is of a repetitive nature requiring fairly 
close attention to prevent spoilage of material 
or damage to product. Probable losses 
not to exceed $100. 


21 Arc Welder 

Band Saw Operator 
Boiler Maker 
Crane Operator 
Milling Machine Operator 


-4th 


Job requires close attention to produce parts 
or assemblies. Constant checking is of 
importance even though job is mechanically 
controlled. Probable loss not to exceed 
$250. 


28 Automatic Screw Machine 
Set-up Man 
Grinder (Ext. and Int.) 
Lathe Operator 
Millwright 2nd Class 
Tool and Die Maker 


3th 


Job requires very close attention due to com¬ 
plex set-up. Material spoilage and damage 
to products difficult to prevent. Probable 
loss not to exceed $500. 


35 Lens and Prism Polisher 
Millwright 1st Class 
Tool Heat Treater 
Tractor Operator 
Wire Drawer 


«• th 


Exceptionally close attention required to 
prevent spoilage and damages to expensive 
material and precise set-up. Work involves 
exceedingly close tolerances. Subject to 
damage due to transportation or handling. 
Probable loss may exceed $1,000. 


42 Airplane Pilot 
Diamond Cutler 
Power Plant Engineer 
Precision Jig Borer 
Roll Maker—Precision 
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The factor measures the degree of responsibility placed on the worker 
to maintain proper precautions for the safely of others. Consider negli¬ 
gence of the person performing the job as cause for probable injuries to 
a number of persons at any one time. Accidents to the worker himself are 
to be evaluated under the factor “Unavoidable Hazards.” It should be 
remembered that the employer is responsible for all accidents which may 
occur on his premises. 


Degree Job Requirements Point Key or Benchmark 

Value Jobs 


1st Job requires little care to prevent injury to 
others. Work is performed in areas where 
others are not exposed to accidents. 


3 Assembler (Light, Bench) 
Counter (Scale) 

Hand Stamper 
Inspector (Visual) 

Packer 


2nd Job is performed in area where only one 
other person is exposed. Probable injuries 
arc very limited. 


6 Drill Press Operator 
Electrician’s Helper 
Inspector (Roaming) 
Labourer (Common) 
Millwright’s Helper 


3rd Ordinary care is required in accordance with 
prescribed safety precautions. Work is 
performed in areas where others are occa¬ 
sionally exposed. 


9 Chipper 

Grinder (Surface) 

Molder (Foundry) 

Punch Press Operator 
Stock Handler (Using Ladder) 


4th 


Considerable care and attention required to 12 
prevent injuries to others. Handling of 
flammable materials may require special 
precautions. 


Agitator (Steel Mill) 
Carpenter 

Electrician (Maintenance) 
Molder (High Speed) 

Oil House Stock-keeper 
Sprayer 


5th 


Job requires a high degree of constant atten¬ 
tion to prevent injuries to others. 


15 Craneman 

Elevator Operator 
Millwright 

Motor Truck Operator 
(Congested Area) 
Wood Shaper 


6th 


Extreme care and highest degree of judg- 18 Airplane Tester 
raent necessary to avoid accidents to others. Blower (Steel Mill) 
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9. Responsibility for Work of Others 

The factor measures the responsibility placed on a worker to set-up 
equipment for, and instruct or direct other workers. It does not involve 
the disciplinary or supervisory capacity of a foreman or departmental 
manager. It only concerns the worker who has a helper, or the “Section 
Leader'’ who has several workers with him doing the same or closely related 
work. Consider the size of the group, required teamwork, degree of 
controls exercised, effect of leadership, and percentage of time spent with 
his group. 


Degree Job Requirements 


Point Key or Benchmark 
Value Jobs 


1st Job requires little or no responsibility for 
work of others. 


4 Janitor 

Labourer (Common) 
Lathe Operator 
Oiler 

Punch Press Operator 


2nd Job requires responsibility for directing or 
instructing one helper or assistant. 


8 Carpenter 
Electrician 
Machinist 
Millwright 
M older 


3rd Job requires a crew of three to six workers. 
Leader is responsible for set-up and conti¬ 
nuity of production. 


12 Automatic Screw Machine 
Crater 

Drill Press Operator 
Inspector 

Punch Press Set-up Man 


4th 


Job requires responsibility to operate a 
medium-sized production unit including 8 
to 10 workers. Leader spends 50 to 
60 per cent of his time instructing and 
directing his helpers. 


16 Carpenter 
Electrician 
Plater 

Polisher and Buffer 
Tool and Die Maker 


5th 


Job consists of operating a major produc¬ 
tion unit requiring set-up work and res¬ 
ponsibility for instructing and directing 10 
to 12 workers. 


20 Working Group Leader of : 
Automatic Screw Machines 
Drill Presses 
Forge Hammers 
Tapping Machines 
Turret Lathes 


6th Section Head is responsible for instructing, 
directing, and supervising a group of 15 to 
20 workers. 


24 Section Head of: 

Optical Grinders 
Tool and Die Makers 
Truckers 
Welders 
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The factor measures the environment and general conditions under 
which work is performed. Consider disagreeable features such as cold, 
dampness, darkness, dirt, dust fumes, grease, glare, heat, noise, oil, use of 
coolants, vibration, wearing respirator, and other disagreeable conditions 
surrounding the job to which the worker is exposed. Evaluate these elements 
and to what extent they may affect the workers, as well as additional 
expenses. 


Degree Job Requirements 


Point Key or Benchmark 
Value Jobs 


1st Agreeable working conditions. Job has 
no effect on personal comfort. 


10 Assembler (Various Jobs) 
Coil Winder 
Elevator Operator 
Packer 

Stockroom Attendant 


2nd Average working conditions. Disagreeable 
features have a slight effect on worker's 
well-being. 


20 Lathe Operator 

Milling Machine Operator 
Pipe Fitter 
Tapper 
Tool Maker 


3rd 


Working conditions include minor dis¬ 
agreeable features. Worker can become 
accustomed to surrounding conditions 
within a week or two. Is exposed to abnor¬ 
mal conditions 20 per cent of working time. 


30 Electrician (Maintenance) 
Machinist (Maintenance) 
Painter (Maintenance) 
Punch Press Operator 
Welder 


4th 


Unpleasant working conditions. Worker 
is continually exposed to dirt, grease, noise, 
and oil. Temperatures do not exceed 
seasonal standard by more than 5 to 10 
degrees. 


40 Automatic Screw Machine 
Operator 
Heat Treater 
Nail Machine Operator 
Sander 
Sprayer 


5th 


Disagreeable working conditions due to 
constant noise or fumes. Worker is 
exposed to temperatures exceeding seasonal 
standard 12 to 15 degrees 50 percent of the 
time. 


50 Acid Dipper 

Forge Hammer Operator 
Grinder 

Polisher and Buffer 
Riveter 


6th 


Continuous disagreeable working condi¬ 
tions due to disturbing influences of exces¬ 
sive cold, dirt, fumes, heat, or noise. 
Worker may be exposed to these elements 
over 50 per cent of the time. 


60 Craneman 

Furnace Tender 
Ink Mixer (Carbon) 
Sign Painter 
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11. Unavoidable Hazards 

The factor measures the degree of risk assumed by the worker being 
exposed to accident and health hazards. Accidents may occur even though 
all safety precautions, procedures, and devices have been installed. Consider 
the severity of an unhealthy condition as well as the frequency and extent 
of injuries that will probably occur through accidents. It is assumed, of 
course, that the worker is observing all safety regulations. 


Degree Job Requirements Point Key or Benchmark 

Value Jobs 


1st Very little accident or health hazard present. 


2nd The worker may incur minor cuts, abrasions, 
bruises, or slight burns. Health i s not affec¬ 
ted and there is no loss of working time. 


3rd The work is of a nature that an accident 
may cause bruises, cuts, eye injury or muscle 
strain, effecting three to four days of lost 
working time. 


4th The work involves exposure to occupational 
diseases. Or, job may cause serious burns, 
eye injuries, finger-tip cuts, hernia, respi¬ 
ratory irritations, and other injuries, effec¬ 
ting loss of one to two weeks' earnings. 

5th The work involves exposure to health or 
accident hazards which may cause the loss 
of several fingers, an arm, a leg, or partial 
eyesight. The worker may lose three to 
six weeks’ earning power. 

6th The occupation exposes the worker to 
occupational diseases or accidents Jeadjng 
to incapacitation or disfigurement causing 
Joss of six weeks’ to one year’s income, 
or total disability. 


5 Assembler (Bench) 

Janitor 

Packer of Light Material 

Sweeper 

Watchman 

10 Inspector (Roaming) 

Crane Operator 
Labourer (Common) 

Tool Crib Attendant 
Trucker (Hand) 

15 Arc Welder 
Bricklayer 
Crater 

Drill Press Operator 
Punch Press Operator 

20 Band-Saw Operator 
Chipper 

Punch Press Setter 
Sander 

Truck Driver 

25 Buffer and Polisher 
Grinder (High Speed) 

Heat Treater 
Power Shear Operator 
Shaper (Wood) 

30 Agitator Operator (Steel Mill) 
Dye Mixer 
Electrician 

Lineman (High Tension) 

Sand Blaster 
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FINANCIAL INCENTIVES 


Introduction 

Financial incentive is a remuneration given over and above 
the guaranteed minimum wages and related to “within-job” differential 
in performance. Financial incentives are paid for performances above 
a pre-determined qualifying level. Incentive payments are made based 
on weekly or monthly performance of an individual or a group as the case 
may be. In India, however, monthly payments are more common. 

Katzensen defines the philosophy of wage.incentives thus: “The basic 
philosophy of wage incentives is to provide a money motivation overhand 
above the guaranteed wage for a task.” 1 While some people think it is 
a good philosophy to motivate workers for higher productivity by paying 
cash incentives, there are others, particularly some behavioural scientists, 
who feel that the philosophy is unsound. The rationale behind financial 
incentives is that if employees give an output over and above a set 
level, they will be compensated in financial terms by a sharing of the 
total gains accruing to the employer. The worker’s share may vary from 
only a part of the savings in direct labour costs, on the low side, to all 
the savings in direct labour costs plus a good part of the savings in indirect 
or overhead costs, depending on the nature of the scheme. Examples of 
schemes falling in this broad range are discussed later in this chapter. 

History of Wage Incentives 

Modern incentive plans were evolved mostly during the 
early part of the twentieth century. Many of the essential pre-requisites 
and preparations for the modern incentive systems came from the work 
done by Frederick W. Taylor who demonstrated the value of clearly defining 
tasks to be done, of providing proper tools and materials to do the tasks, 
and finally, of paying extra money for extra effort. One of the major 
problems encountered by early industrial engineers was the lack of accurate 
and dependable techniques of work measurement. The absence of a means 


1. Robert C. Katzenson, Production Incentive Systems , National Foremen’s Institute, 
Waterford, Connecticut, 1965, p. 1. (© Prentice-Hall, Inc.) 
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of rating performance, i.e., assessing the pace at which an activity is being 
performed, gave rise to crude standards. However, when Bcdaux’s system 
of rating got into practical use on a wide scale, it was possible to work 
out more accurate standards for tasks. During the period 1910-1930 
several incentive schemes like the Halsey Premium Plan, Emerson Efficiency 
Plan, Gantt Task and Bonus Plan, and the Rowan Premium Plan were 
developed. All these schemes were aimed at increasing production without 
a proportionate increase in wages. 

After World War I the number and types of incentive schemes increa¬ 
sed rapidly. During World War II, many industries started using incentive 
schemes in an effort to boost the production for the war effort. While 
in the United States incentive schemes have become less popular, particularly 
in the sixties, in India more companies are going in for incentives. A few 
of the typical incentive schemes in use in India are described later. Today 
the main problem connected with the incentive schemes is the planning, 
organizing, and administering of schemes that arc specially developed to 
suit particular situations. It should be noted that incentive systems are not 
uniformly applicable to all industrial operations. They must be modified, 
where necessary, according to the need of specific situations. 

Categories of Incentive Schemes 

There are many different systems of incentive wage pay¬ 
ments under which a worker’s earnings are related to some measurement 
of output above a pre-set level. The output considered may be either 
of the individual concerned, if he is working independently, or a portion 
of the output of the group of which he is a part. Although the essential 
aim of all the incentive systems is to encourage workers to augment produc¬ 
tivity, they may differ in the way incentive earnings are related to the total 
output. The I.L.O’s publication on the subject classifies financial incentive 
schemes into the following four categories. 1 

1. Systems in which workers’ earnings increase in the same propor¬ 
tion as output. Examples of this kind are Straight Piece-Rate 
and the Standard Hour Systems. 

2. Systems in which workers’ earnings increase proportionately 
less than output. The Halsey, Rowan, Barth and Bedaux systems 
are in this category. 

3. Systems in which earnings increase proportionately more than 
output. Schemes in this category are High Piece-Rate and 
High Standard Hour. 

4. Systems in which earnings increase in different proportions at 


I. International Labour Office, Payment By Results , New Series No. 27 (Geneva, 
1961), p. 5. 
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different levels of output. Schemes of this kind are the Taylor, 
Merrick, Gantt, Emerson and Accelerating Premium Systems. 

There are also several variations of the four basic types mentioned 
above. The variations have mainly to do with category of workers to be 
included in the scheme, the factors to be considered in finding out perfor¬ 
mance, and the method of setting standards. In addition, R. Marriott 1 
has identified two more types of incentive schemes in which long-term tar¬ 
gets are explicitly or implicitly used, and some form of bonus is paid at 
intervals ranging from one month to a year when the target is achieved. 

(a) LONG-TERM COLLECTIVE SYSTEMS 

(i) Schemes based on standard production, cost, or sales (e.g., 
Priestman, Russon and Scanlon Plan); 

(ii) Systems based on profits (e.g., profit sharing scheme). 

(b) SYSTEM NOT DIRECTLY DEPENDENT ON PRODUCTION 

(i) Those based on personal assessment (e.g., merit rating, 
attendance bonus, etc.); 

(ii) Those supplementary to production (e.g., quality bonuses, 
waste bonuses, etc.). 

SOME SELECTED INCENTIVE SCHEMES 

In the following paragraphs a few selected incentive 
schemes falling under each of the categories mentioned earlier, have been, 
described. Following the description of the scheme, its advantages and 
disadvantages and the implications to management have been explained. 

CATEGORY 1. STRAIGHT PIECE-RATE SYSTEM 

This is the oldest and still the most common incentive 
system. The scheme is simple to implement, is easily understood by em¬ 
ployees, and can be applied to individuals as well as to groups. 

Under the Straight Piece-Work System a rate, in money value, is 
fixed per unit of output, and the worker is paid at this rate for his entire 
output. The same objective is also achieved by fixing a standard produc¬ 
tion per day and paying the worker his daily rate in the same proportion 
as his output to the standard. For instance, let us assume that the daily 
wages are Rs. 8 per day, and the standard production per day is set at 
48 pieces. Suppose the output of the worker on this scheme is 60 pieces, 

his earnings would be = —tf—= Rs. 10. 


1. R. Marriott, Incentive Payment Systems (London: Staples Press, 1961), p. 45. 
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The daily wage of Rs. 8 and standard production per day of 48 pieces 
can also be converted into a rate per unit which would be Re. 1 for every 
six pieces or 16.67 paise per unit. Setting standard production per day 
would be more relevant in situations where minimum daily wages are gua¬ 
ranteed. In such a situation the question of payment of incentive arises 
only when the actual production exceeds the standard. 

In the straight piece-work system of incentive payment, direct labour 
costs per unit of output remain constant. However, if minimum wages 
are guaranteed, the direct labour cost per unit of output will be decreasing 
with increase in output till the daily production reaches the standard level. 
After reaching standard output level it will remain constant. On the other 
hand, the fixed costs like overheads will remain the same. 

The relationship between workers’ output and earnings on the one 
hand, and output and direct labour cost arc illustrated in Chart 1 given 
below. It has been assumed that minimum daily wages are guaranteed. 


Chart l 1 

Earnings and Direct Labour Cost under the Straight Piece-Work 
System with a Guaranteed Time Rate 
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Cost and Benefits to Management 

Even before we try to understand other categories of 
incentives schemes, it would be worthwhile to know what it costs to manage¬ 
ment to have a single scheme like the one described above and the benefits 


1. Reproduced with permission from International Labour Office, Payment By 

Results , New Series No. 27 (Geneva, 1961). 
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accruing to companies from such a scheme. Once we understand this 
about the Straight Piece-Rate Scheme, it would be simpler to know the 
cost benefits of other categories of schemes. 

As we have seen just now, for every additional unit of output above 
standard the worker is paid the same rate of wages as was paid to him at 
standard output. (It may be noted that if minimum wages are guaranteed 
and if output is less than the standard, the wage rate per unit would work 
out to be higher than at production levels beyond standard. For our 
example, however, we are taking the levels above standard where incentives 
are earned.) What then is the gain to the management by introducing 
a Straight Piece-Work System of incentives? 

To answer the above question let us examine the costs and benefits 
of manufacturing a certain product to the management. The management, 
in producing a certain product, incurs some costs, which are, essentially, 
material cost, direct labour cost, and overheads; the last would include 
indirect labour, depreciation charges, fixed costs, semi-variable costs, selling 
and administrative expenses, etc. By selling the products the management 
gets a revenue sufficient to cover all the costs and to leave a margin which 
is the profit. 

Apart from getting the quantifiable short-term gains in term of profits, 
the manufacturer is able to deliver the goods to customers and establish his 
name as a supplier of those products. This is essential for his future sales. 
Suppose, for some reason, the production is short of the company’s poten¬ 
tial capacity, and also suppose there is a demand for a level of output equal 
to or more than the company’s capacity. By not being able to meet the 
demand the company would lose the opportunity of earning a larger total 
profit, and incidentally would also lose an opportunity of establishing itself 
among a larger clientele. First of all an enterprise should earn profits 
that can be used for expansion of the company, for diversification, for 
the purchase of modern and more economic production machines, and to 
provide reserves to take care of possible “bad years” in future, etc. Needless 
to say, the more the profit earned, the better the ability of the company to 
take care of the future. It is, therefore, necessary that management should 
try to achieve as high a production level as its capacity permits, provided 
also that it can sell its produce at a profit. 

From the cost/benefit picture described above it is clear that the 
production achieved above the standard will cost the company only in 
terms of material, direct labour and certain supplies whereas its sales revenue 
per unit would be the same as before. In other words there will be no 
pro-rata increase in overheads and other fixed expenses due to increase in 
production. (At substantially higher levels of production fixed costs also 
might increase; but it is assumed here that the available range for produc¬ 
tion increase is not too large as to necessitate sizeable increase in fixed 
expenses.) Further, by distributing the fixed costs over a larger produc- 


342 


PRODUCTION MANAGEMENT—TEXT AND CASES 


tion achieved through incentives, the cost per unit will come down, and 
with selling price remaining same, the profit margin will be more. It should 
be noted, however, that since the cost of production would be decreasing 
the manufacturer might even reduce the selling price to meet competition 
and keeping in view the long-term benefits. If the immediate future and 
long-term benefits arc attractive, the fact that the company can reduce its 
selling price without lowering its previous profit margin, makes incentives 
a useful management tool. 

From the explanation given above it should be possible for us to 
identify the management gains even in other schemes where the sharing 
between management and worker would be of a different nature. 

The gains from incentives described so far are easily quantifiable. 
R. M. Currie lists several other gains including some non-quantifiablc 
ones. 1 Some of these are: better use of services, increased process efficiency, 
high standard of safety, and better works cleanliness. These are labelled 
material factors. In addition, some which arc categorized by Currie as 
human factors are: interest in work, less need for supervision, ideas for new 
methods, team spirit, less absenteeism and a reduced labour turnover. 

Merits and Demerits of Straight Piece-Rate System 
Some of the merits of this scheme are: 

(a) The scheme is easily understood even by the illiterate workers. 

(b) It is attractive as far as workers are concerned because they know 
that their wages are increased in the same proportion as output. 

(c) The labour cost remaining constant (above the standard output) 
makes accounting and budgetary control easier. 

The major disadvantages of the scheme are: 

(a) Standards have to be set very accurately for, if standards are 
loose, management might end up paying more incentive money, 
and management’s gains may, in comparison, be negligible. 
This might happen chiefly because, with a loose standard, the 
worker may have to be paid a full day’s wages for what would 
have been, had the standards been set properly, a portion of a 
day’s production. There are many instances of loose standards 
being used for the Straight Piece-Rate System, and workers 
have earned nearly three to four times their normal take-home 
pay. 

(b) In situations where labour cost is very high and overheads and 
profit margin low, the advantages to the company would not 


1. Russell M. Currie, Financial Incentives Based on Work Measurement (London, 
British Institute of Management, 1963), pp. 4-6. 
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be attractive, and expenses on installing and maintaining the 
scheme may take a longer time to be paid back. 

(c) If management pays to direct workers all the gains in direct labour 
cost resulting from incentive, it will not be left with enough 
money to pay a sufficiently attractive incentive earnings to indirect 
workers. 

To maintain good labour-management relations the company may 
have to include indirect workers and men doing service functions like main¬ 
tenance in the incentive scheme. Alternatively a separate scheme may have 
to be set up for them which would give them reasonable extra earnings. 
Generally, the activities of indirect workers do not have to be increased in 
the same proportion as those of direct workers. Workers of this category 
cannot be provided a real opportunity to earn incentives which can be related 
to their output and which arc nearly as attractive as those of direct workers. 


CATEGORY 2. THE HALSEY SYSTEM 


Under this sytem standards arc set for the production 
of a unit of output, and if the worker produces by taking the same time as 
standard or more time, he is paid at his time rate. Irrespective of his out¬ 
put, minimum wages per day are guaranteed. If he gives the output by 
taking less than standard time he is paid at his time rate for the time actually 
taken, plus an incentive money for the time saved, such incentive being 
worked out at a portion (either 50 per cent or 30 per cent) of his time rate. 
The remaining portion (i.c., 50 per cent or 70 per cent) of lime rate times the 
time saved will be the share of the employer. The following example will 
illustrate the working of the scheme. 


Suppose, 

worker’s production 
standard time for 960 pieces 
actual time taken by worker 
time rate of worker 
Then, time saved 
Incentive bonus in 
Halsey 50:50 scheme 


Incentive bonus in the 
30:70 scheme 


= 960 pieces 
= 10 hours 
= 8 hours 
= Re. 1/hour 
= 10—8 = 2 hours 


= Rs. 8 for the actual time taken 
Rs. (50 x time saved x time rate) 
+ ( 100 ) 

= Rs. 8+Rs. (0.50x2x1) 

= Rs. 9 


= Rs. 8-f 


(30x2x1) 

( 100 ) 


= Rs. 8.60 




344 


PRODUCTION MANAGEMENT—TEXT AND CASES 


It is evident from the above that whereas the worker’s gain is Re. 1 
and Re. 0.6 in the 50:50 and 30 :70 schemes respectively, the employer gains 
Re. 1 and Rs. 1.4 respectively. For the employer, this gain is merely in 
terms of savings in what otherwise would have been the direct labour cost 
and is in addition to other gains described earlier in pages 341 and 342. 

The relationship between output and worker’s earnings and output 
and direct labour cost is depicted in Chart 2 given below. To help 
comparison, the earnings curve of the straight piece rate system is also given 
in the same chart. 


Chart 2 1 

Earnings and Direct Labour Costs under the Halsey 50-50 and 30-70 Sharing 
Systems with a Guaranteed Time Rate 
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OUTPUT AS PERCENTAGE OF STANDARD 

A=Earnings (A x for 50-50 sharing and A 2 for 30-70 sharing). 

B=Direct labour costs (Bi for 50-50 sharing and B 2 for 30-70 sharing). 
C=Earnings on straight piece-work with a guaranteed time rate. 


Merits and Demerits of the Scheme 
In terms of its usefulness to the management it is obvious 
that management keeps a lion’s share of the total gains (i.e., including those 
other than direct labour cost) even in the 50:50 plan. The scheme can 
therefore be used even when standards are likely to be loose and in cases 
where direct labour cost is the major production cost. Because the manage¬ 
ment retains as its share 50 per cent or more of the direct labour cost, some 


1. Reproduced with permission from International Labour Office, Payment By 
Results , New Series No. 27 (Geneva, 1961). 
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companies using this scheme use past record as the basis for setting standards 
for jobs. 

The main disadvantage of this kind of a scheme is that it is not suffi¬ 
ciently attractive to workers. Psychologically it is difficult for workers to 
accept such a scheme where they have to part with a big chunk of even the 
savings in direct labour costs. If prevailing labour productivity is consi¬ 
derably below standard, they may never try to reach the standard (without 
getting any extra payment), and then produce still more, only to give a bigger 
share of the total gains to the management. 

CATEGORY 3. THE HIGH PIECE-RATE SYSTEM 

According to this system, incentive earnings increase propor¬ 
tionately more than output. For instance, if output increases, say, by one 
per cent, the worker may be paid wages at, say, 1 £ or 1£ per cent of time 
rate. An example of this system is shown in Chart 3 (page 346) for a 
situation where minimum wages are not guaranteed. 

As can be seen from Chart 3 the worker is paid incentives at the 
rate of 1J per cent for every one per cent increase in output. This would 
mean that the management, by paying a wage higher than the usual time 
rate, is parting with a portion of the savings on overhead costs also. 

The main advantages are: 

(a) The attractive incentive money will motivate more workers to 
join the scheme. 

(b) Where existing labour efficiencies are low, workers might be 
made to give not only standard but considerably higher outputs. 

The major disadvantages are: 

(a) Workers might increase their output rate up to a certain limit 
which may be less than even the standard level, if they are fairly 
satisfied with the earnings they get. Thus if the management 
has been expecting a production level much higher than standard, 
this may not be achieved at all. 

(b) If the workers do take the incentive scheme seriously, trying to 
produce as much as they possibly can (i.e., working very much 
above standard), this might affect their health. If this does 
happen, labour unions might use this as an excuse to oppose 
incentive schemes in general. 

(c) If the proportion of direct labour cost is considerably higher 
than overhead costs, the profit margin the management gains 
may not be attractive particularly in view of increasing labour 
costs year after year. 


EARNING AS PERCENTAGE OF TIME RATE 
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Chart 3 l 


Earnings and Direct Labour Costs Under the High Piece-Rate System 
Without a Guaranteed Time Rate 
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A=Earnings. 

B=Direct labour costs. 

C=Earnings on straight piece-work with a guaranteed time rale. 
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(d) If the management is not able to install equally attractive schemes 
in all departments of a company, the wide disparity in earnings 
may affect the union-management relationship. On the other 
hand, since the management has perhaps retained less than has 
been paid to direct workers by way of incentives, its ability to 
pay attractive incentive money to indirect workers is limited. 


1. Reproduced with permission from International Labour Office, Payment By 
Results , New Series No. 27 (Geneva, 1961). 
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CATEGORY 4. TAYLOR DIFFERENTIAL 
PIECE-RATE SYSTEM 

Under this system the worker will get a low piece-rate, 
i.e., less than proportionate to output, till he reaches the standard output, 
and a piece-rate proportionally more than output beyond the level of 
standard. The system developed by F.W. Taylor in 1880, “penalises the 
slow worker but rewards handsomely workers with a high output.” 1 

Like all systems with increase in earnings less than increase in output, 
this too might seem unattractive to workers, particularly in cases where 
existing output levels are considerably below standard and existing mini¬ 
mum daily wages cannot be cut. Disadvantages b, c, and d of High Piece- 
Rate are also relevant here. 

The scheme is a useful one in situations where the existing output 
level is only slightly below standard^) Because of the high piece-rate above 
standard workers are likely to be motivated to improve their efficiency so 
as to produce at a level higher than standard. 

Chart 4 (page 348) illustrates the relationship between output and 
earnings and between output and direct labour costs. 

The incentive schemes described above arc all related to increase in 
output only. Secondly, the schemes are meant for direct workers engaged 
in production whose output can be measured. The main purpose in des¬ 
cribing these simple schemes was to illustrate how earnings, particularly 
incentive earnings, are related to output, the implicit rationale behind mana¬ 
gement’s plan in relating earnings to output in a particular way (depend¬ 
ing on the type of scheme), and the inherent advantages and disadvantages 
of the schemes, considered mainly from management’s point of view. 

Variations of Basic Types of Schemes 

Each of the four schemes for financial incentives described 
earlier is illustrative of a basic type. Rather than have schemes exactly as 
explained above, industries generally have schemes which are modifications 
or variations of one of the basic systems. These variations are in respect 
of (a) category of employees involved in the scheme, (b) criteria used for 
judging performance, (c) relationship between earnings of direct and in¬ 
direct workers and supervisors, as well as relationship between incentive 
earnings and normal wages, (d) level at which incentives operate and the 
limit up to which they become operative, and (e) basis of setting standards, 
etc. These variations are briefly explained below, and examples are cited 
of certain incentive schemes operating in Indian industries. 

The first to come under any incentive scheme are direct production 
workers. It is easy to evolve a scheme involving employees of this 

L International Labour Office, Payment By Results (Geneva, New Series No. 
27, 1961), p. 19. 
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category since their output can be measured and rational standards set. 
On the other hand, with regard to indirect production workers, men per¬ 
forming service functions like maintenance, or operating essential services, 
or doing inspection of quality, it is very difficult to measure the output 
and relate it to the efforts of the workers concerned. In spite of these diffi¬ 
culties it becomes necessary to include such workers in some incentive scheme, 
both to avoid unpleasant labour relations (between management and workers 
on the one hand, and between direct and indirect workers on the other) 
as well as to make sure that uninterrupted production of the required 
quality could be achieved at the desired rate. 

Chart 4 l 


Earnings and Direct Labour Costs Under the Taylor 
Differential Piece-Rate System 
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A=Earnings. B=Direct labour costs. 

C=Earnings on straight piece-work with a guaranteed time rate. 
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1. Reproduced with permission from International Labour Office, Payment 
Results , New Series No. 27 (Geneva, 1961). 
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In most companies the indirect workers and maintenance and service 
group workers are paid at a particular percentage from 50 per cent to 80 
per cent of the overall performance of direct workers. Supervisors, like 
foremen and chargchands, are generally paid at a rate less than the overall 
performance of direct workers. Only a small percentage of companies 
include their inspection staff in the incentive schemes. Because of the diffi¬ 
culty of measuring the work of indirect and inspection workers, most of 
the companies do not set separate standards for such jobs but merely 
go by performance of direct workers. This forms the basis for payment 
of incentives. 

While the practice mentioned above is true, perhaps, of most com¬ 
panies, there are some which have followed different approaches and appa¬ 
rently have had no problems. 

Some examples of Indian industries using incentive schemes different 
from those described earlier are given in the following paragraphs. 

A Textile Company 1 which has a piece-rate system pays extra bonus 
if the output is adjudged as “perfect” in terms of quality. Special bonus 
is also paid if automatic loom efficiency is maintained at a high rate, producing 
high quality goods. The supervisors in this mill who are also eligible for 
piece-rate bonus, are held responsible for lack of tools and for idle time, 
and are penalised by deductions in their piece-rate earnings if the idle time 
goes beyond certain limits. 

The scheme operating at India Pistons 2 includes all employees in each 
department though it excludes senior departmental heads and top manage¬ 
ment. Whereas indirect workers are paid at 75 per cent of direct workers’ 
incentive earnings, supervisors and inspection personnel are treated on par 
with direct workers. The supervisors, in fact, are paid extra bonus ranging 
from Rs. 10 to Rs. 20/month. Once the monthly targets are set corres¬ 
ponding to 26 days’ production (all months assumed to be equal), incen¬ 
tives are calculated on actual production. For two or more holidays, 
holiday bonuses are paid, provided monthly targets have been met. There 
is also a separate attendance bonus for 100 per cent attendance with a grace 
of two days per month. Poor quality jobs are to be compensated even after 
they have been sold, if there is a complaint from the customer. 

Almost all the incentive schemes operating in Indian industries start 
payment of incentive bonus at levels below standard (i.e., 100 per cent) 
efficiency. Some schemes start paying bonus at efficiencies as low as better 
than 33 per cent. 3 Perhaps one of the lowest starting point for incentives 
is a qualifying level of 50 standard hours of work per month. 4 Some do 

1. V. Ramachandran (ed.), Incentives Schemes in Indian Industries , Maharashtra 
State I. PY Committee, 1966, pp. 23-25. 

2. Ibid., pp. 32-36. 

3. Ibid., Company Q, p. 27. 

4. Ibid., Company J, p. 21. 
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not pay any incentive until the performance has crossed 75 per cent of stan¬ 
dard. In terms of upper limit, some companies do not pay bonus beyond 
a certain percentage performance. Some put a ceiling on the incentive 
earnings of workers, c.g., limiting incentive earnings to 50 per cent of their 
normal wages. Many companies using piece-rate systems on the other 
hand put no upper limit at all and there arc instances of workers earning 
three to four times the normal wages because of piece-rate incentive systems. 

Schemes to Suit Process-Controlled Situations 
Not all companies use work measurement techniques as 
a basis for setting standards nor are these techniques always equally appli¬ 
cable. Where jobs are process-controlled, some companies set standards 
based on rated capacity of equipment and pay incentives for productions 
beyond the equivalent of capacity taken as qualifying standard. 1 

In highly process-controlled jobs, like in continuous process opera¬ 
tions, even though the total man-hours of work to be done may be less 
compared to a worker-controlled task, because of the importance of the 
operator’s timely attention to the process and the frequency of such atten¬ 
tion needed (which may be random), more operators may have to be as¬ 
signed. Such jobs, with an inbuilt situation of low manpower utilization, 
cannot have the same incentive scheme as may be suitable for a worker- 
controlled task. In the latter case, increasing his incentive earnings, within 
limits, is in the hands of the individual worker (or his group in the case of 
a group scheme). This is not so in the former. 

In spite of the relatively low manpower utilization in process-controlled 
job situations, incentive schemes may have to be started if opportunities 
for increasing earnings have been provided in other departments of the 
company. One approach to this may be to set standards of production 
equivalent to a particular capacity utilization and pay bonus for increased 
production. But this may not always be possible. For instance, if the 
plant is already producing at the optimum or desired capacity level, and for 
valid technical or other reasons it is not desirable to increase the output, 
such a scheme cannot be used. Another approach could be as follows: 

(a) Work measure all manual tasks. After examining the possibi¬ 
lities of combining tasks, simplifying, and/or staggering of work, 
decide on the optimum number of men required to man the 
section or department. 

(b) Assume that the workers are working at standard rate, and pay 
them for the number of standard hours of work involved per day 
at the same rate as is applicable to workers working at standard 
rate on worker-controlled jobs. 


1. Ibid Company Z-2, p. 31. Also see pp. 44-48. 
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I.C.I. (I) Private Limited has introduced incentive schemes using this 
principle for its process-controlled operations quite successfully. 

Some companies narrow down the difference between incentive earnings 
in worker-controlled and process-controlled job situations by paying a higher 
rate of incentive for jobs in the latter category. Yet another method adopt¬ 
ed by some companies is to pay a particular incentive rate for the period 
during which the work is machine controlled at the same time ensuring 
that the job is done using the prescribed methods. For manual work, the 
employee would be paid separately depending on the performance. This 
kind of approach could be used for jobs which are only intermittently pro¬ 
cess-controlled, like in machining operations. 

LONG-TERM COLLECTIVE SYSTEMS 
As explained in page 339 these can be classified into two 

broad groups: 

(1) Those based on past or estimated production costs or sales value, 

(2) Those based on profits and hence commonly called “Profit Sharing 
Systems.” 

SCANLON PLAN 

This incentive plan, developed in the 1930s by Joseph 
Scanlon, belongs to group 1 above. According to this plan, a method is 
developed to measure and distribute the gains in labour cost made through 
improvements in labour productivity. This might have been achieved 
because of improved methods or because of higher pace of working. The 
method of finding out gains in labour cost would naturally vary in terms 
of details, depending on the nature of work ?> relationship of labour cost 
to total cost, and other factors. A simple and common method followed 
is to find a normal labour cost based on historical data. 

Once the relationship between total payroll and the sales value of 
production is established, and the “normal” labour cost is known, a bonus 
pool is created if the actual labour cost is below the "norm.” 25 per cent 
of the bonus pool (i.e., normal minus the actual for the year under consi¬ 
deration) is set apart as reserve, or protection against deficit months. After 
the reserve has been provided, 25 per cent of the remaining amount becomes 
the company’s share and 75 per cent that of the employees. For illustra¬ 
tion ‘let us take the case of a company where 40 per cent of sales value 
happens to be the “norm” for labour cost. If, for a given month, shipments 
plus inventory increase work out to Rs. 100,000 and actual labour cost 
is, say, Rs. 36,000, a sum of Rs. 4,000 (40,000— 36,000) would go into the 
bonus pool. Out of this Rs. 1,000 would go to the special reserve fund. 
Of the remaining amount of Rs. 3,000, the company’s share will be Rs. 750 
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and the employees’ share, Rs. 2,250. A sample calculation of incentive 
bonus for a month is illustrated as Exhibit 1 to this chapter. 

•The Scanlon Plan provides for change of “norm” for labour cost 
if there have been significant changes in sales price, wages to employees, 
or if labour or time-saving equipment have been added, or if any other 
major change materially affecting the ratio of labour costs to the sales value 
of the products has taken place. 

Advantages of Scanlon Plan 

This plan has the following main advantages. 

(a) The scheme lakes account of technological change in the com¬ 
pany. 

(b) Since labour and time saving methods are to the advantage of the 
workers, they would be motivated to develop such methods and 
present them before the foremen for acceptance. On the other 
hand, where other schemes are in operation, even if the workers 
know a belter method, they would not bring it to the notice 
of work study men for fear they might revise the standards. 

(c) Being a group scheme, the better workers would help the weaker 
ones and also train those who do not know the job well enough. 
A sense of discipline would also be inculcated amongst the 
workers in a department. 

(d) Indirectly, workers also exert pressure on management to manage 
better in relation to cutting down labour costs. 

(e) Because the employees can directly influence the labour producti¬ 
vity and reap most of the benefits, employment stability is greater. 

(f) From the management’s point of view, the scheme is more 
economical to install and operate. 

(g) More suggestions aimed at increasing the labour productivity 
are likely to be made by employees than under any other scheme. 

Disadvantages 

A report on experience with Scanlon Plan lists the follow¬ 
ing major disadvantages, particularly from the point of view of manage¬ 
ment. 1 

(a) Some of the workers who do not get personal gains in proportion 
to their effort would feel dissatisfied. 

(b) When a product line is constantly changing and/or many products 
are being produced simultaneously, it is difficult to calculate 
labour cost as percentage of sales value. In such situations it is 
also difficult for workers to suggest labour cost saving devices, 
and this might affect their total bonus. 

1. Industrial Relations Councilors, Inc., Group Wage Incentives, Experience with 
Scanlon Plan (Industrial Relations Memo No. 141, 1962), pp. 26-30. 
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(c) Management's flexibility to incur expenditure on Research and 
Development, to get long-term benefits, will be lost because of 
union pressure to cut down labour cost on such jobs. 

(d) Where Scanlon Plans have been in operation, management has 
felt that too much of the top management's time has been spent 
in connection with the plan. 

(e) Workers’ suggestions for improvement in methods and procedures 
might put the foremen and management in an awkward position. 
Managements are sometimes reluctant to agree to employees* 
suggestions, and often think that union participation encroaches 
on their jurisdiction of basic decision-making . 1 The report 
says that “a management fearful of surrendering its prerogatives 
should not consider the Scanlon Plan.. .’' 2 One of the important: 
conclusions of the report is stated thus: the plan has limited 
application in U.S. “In the main the plan has been simply 
ignored by labour and management .” 3 

Profit Sharing Schemes 

The essential feature of a profit sharing scheme is that, 
in addition to their regular wages, workers get a pre-determined share of 
the company’s profits. 

The advantages of the profit sharing schemes arc that they inculcate 
among workers a sense of belonging to the undertaking, promote team work, 
and industrial peace. 

The main disadvantages are: 

(a) The annual rewards are too remote and uncertain inasmuch as 
they cannot estimate the amount, and also because profits depend 
on many other factors. 

(b) The task and group are too large for any organized incentive 
effort to be generated. 

(c) Workers are not totally responsible either for profits or losses. 

(d) The reward bears no direct relationship to their output. 

(e) Workers come to expect dividend as a right and resent their 
absence even in unprofitable years. 

SYSTEMS NOT DIRECTLY DEPENDENT 
ON PRODUCTION 

Systems coming under this category can be sub-divided 

into two groups: 

1. Ibid., p. 38. 

2. Ibid., p. 31. 

3. Ibid., p. 41. 
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(1) Schemes based on personal assessment, made once a year, e.g.. 
Merit Rating Systems, Attendance and Length of Service Bonuses, 
etc. 

(2) Systems supplementary to production, e.g., Quality Bonus 
Schemes, Waste Reduction Bonus Scheme, etc. 

Merit Rating is a procedure for assessing and rewarding individual 
performance. This system is often used in the case of workers whose 
output is difficult to measure. Indirect labourers and maintenance men 
are examples of workers who may be rewarded under a merit rating scheme. 

The second category of schemes are used where the quality of the 
product is very important, or in cases where material costs are very high, 
and waste reduction itself can save considerable money to the company. 

Some companies using multi-factor schemes take care of quality, waste 
reduction, regularity of attendance, idle time, etc., all as part of one scheme 
meant for direct and indirect workers. In such situations separate supple¬ 
mentary schemes are, therefore, not necessary. 

Pre-requisites for Success of Incentive Schemes 
The following can be considered as essential pre-requisites 
for the success of an incentive scheme. 

(1) Standards to be used for incentives should be based on good 
and acceptable work measurement or other techniques. Stan¬ 
dards should neither be too tight nor too loose. In either case 
workers will lose their faith in management. If the standards 
are too tight, the schemes may not be accepted. If they are 
too loose, workers might earn even two to three times their 
normal wages and would not allow the management to change 
the standards or to withdraw the scheme. 

(2) Workers should feel that targets are within their reach. If, for 
instance, the targets or standards are too high compared to their 
prevailing levels workers may not get motivated at all and the 
scheme would never get started. 

(3) Workers should be convinced that their incentive earnings depend, 
largely, on their own efforts. In other words, incentive earnings 
should be properly related to their effort. 

(4) The incentive money should be sufficiently attractive to motivate 
them to improve their efficiency. 

<5) Management should win the workers’ confidence, and try parti¬ 
cularly to remove the common fear that ‘incentive schemes are 
meant only to find out the workers’ capacity to produce, and 
that once that has been achieved, management might withdraw 
them.’ 
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(6) As far as possible, retrenchment of workers should be avoided 
unless the Union gives its willing consent for retrenchment. 
Possibilities of transferring redundant workers to departments 
where there are vacancies should be looked into. 

(7) Labour-management relationship should be reasonably good 
before starting an incentive scheme. 

(8) As far as possible job evaluation and rationalization of wage 
structure should precede introduction of incentives. 

Katzenson says that if incentives are to operate at maximum 
effectiveness two important foundation blocks should be. laid, 
viz., a sound job evaluation programme, and a logically develop¬ 
ed wage structure. 1 

(9) To avoid ill-feeling amongst workers and to ensure success of 
incentive schemes, involve as many workers (i.e., including in¬ 
direct workers) as feasible in the schemes. . 

(10) The schemes and records on them should be as simple as possible. 
Also performance should be measured over a short period 
(say, daily or at least once a week) though payment could be 
made at the end of the month. This will enable the workers 
to verify their own performance and earnings according to the 
scheme. 

Incentive Earning Levels and Limits 

When incentive earnings are considered, the two most 
important questions the workers are likely to ask are: 

(1) from what level of performance would one start earning incentives 
and up to what level could he continue earning? 

(2) how attractive is the financial reward considering 

(a) the additional efforts to be put in (assuming there is scope 
for the same), and 

(b) that the scope is limited or beyond the control of the operator, 
as in the case of highly machine-controlled jobs? 

Management’s answers to these would largely influence the workers concern¬ 
ed to accept or reject an incentive scheme. Management should therefore 
have a rational approach to these. 

Qualifying Levels and Ranges 

Let us assume that when the incentive scheme is introduc¬ 
ed the performance is below standard. The performance level at which 


1. Robert C. Katzenson, Production Incentive Systems , National Foremen's 
Institute, Waterford, Connecticut, 1965, p. 11. (© Prentice-Hall, Inc.) 



356 


PRODUCTION MANAGEMENT—TEXT AND CASES 


workers should be paid incentive money would depend on the following 
factors: 

(a) prevailing performance level, 

(b) the relationship between incentive earnings and output, particu¬ 
larly above the standard level, 

(c) the ceiling, if any, on the performance levels beyond which no- 
incentive reward would be paid, and 

(d) the management’s bargaining strength with the union. 

In most Indian industries, where no incentives are in operation, the 
prevailing performance level is well below standard. Experts assess the 
general worker efficiency to be in the region of 45-50 ptr cent of 
standard. It should be borne in mind, however, that the low efficiency 
is only partly due to slow working and perhaps mostly due to various- 
kinds of forced idleness like waiting for material, wailing for instructions,, 
machine breakdown, and other interruptions. This conclusion can be 
drawn because for any worker to work consistently at a pace of half, or 
less than half of standard would be unnatural. Observations in manu¬ 
facturing plants suggest that while the worker is actually doing the physical 
work, most of the time he works at a pace of 80 to 100 per cent of 
normal. Notwithstanding this, it is a reasonable assessment that actual 
production is only in the region of about 50 per cent. It is for this reason 
that most industries had to start paying incentives at efficiencies in the 
region of 40 pe rcent to 60 per cent, although some big companies like I.C.I. 
(India) and Hindustan Lever, which also have well-established work study 
departments, start paying incentive only beyond 75 per cent of standard. 

Some companies do not pay incentive beyond a pre-set performance 
level and some companies limit the incentive earnings, for instance, at 50 
per cent of normal wages. However, such limits arc not put by most Indian 
industries. Companies like Bhilai Steel Plant, which have based their 
standards on rated capacity, have a ceiling on output and hence on incen¬ 
tive earnings. (At Bhilai the limit was first set at 100 per cent of rated 
capacity and later raised to 120 per cent.) 1 

Regarding limiting incentive earnings, Katzenson says that “the plan 
should not limit incentive earnings.” 2 3 Similarly the report of the Study 
Group on Productivity and Incentives says, “It is unnecessary to establish 
any arbitrary ceilings on incentive earnings to limit human exertion.”' 1 


1. V. Ramachandran (ed.), Incentive Schemes in Indian Industries , Maharashtra 
State I. PY. Committee, 1966, pp. 44-46. 

2. Robert C. Katzenson, Production Incentive Systems , National Foremen's 
Institute, Waterford, Connecticut, 1965, p. 32. (© Prentice-Hall, Inc.) 

3. National Commission on Labour, Report of the Study Group on Productivity 
and Incentives, 1968, p. 55. 
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It is believed that the companies which put a ceiling on performance 
level to be achieved, and hence on incentive earnings, do so because they 
are afraid that the standards might be loose, and they do not want workers 
to earn incentives out of proportion to the normal wages. This is a valid 
fear if the standards, for some reason, are likely to be loose, since the com¬ 
pany may find it very difficult either to change standards or even to with¬ 
draw the scheme without causing a dispute with the union. If the standards 
were very loose the management, by putting a ceiling, would also sacrifice 
the opportunity to increase productivity and reduce costs of production. 
The companies which do not put a ceiling and because of loose standards 
pay incentives nearly three to four times the normal wages find themselves 
in a fix when they realize that with increasing basic labour costs and severe 
competition the company can ill afford to continue with such schemes. 

Obviously, the remedy for both problems, namely, (i) where the com¬ 
pany had to sacrifice the potential for increasing the productivity, and 
(ii) where the company ended up paying labour charges (including incentives) 
at a non-competitive rate, lies in having accurate standards. It would be 
worthwhile here to recall our concept of the standard. In an earlier chapter 
the normal time was defined as “the time that should be taken by a normal 
operator trained for the job, working under normal pace and conditions.” 
The standard time is the sum of the normal time and the compensating 
rest and other allowances. It was also said in connection with rating scales 
that the higher figure of any rating scale represents the upper end of the 
incentive pace range, and that it represents a rate which can be maintained 
throughout the eight hours of a working day without undue fatigue by a 
normal worker trained for the job, provided he has taken the allowable 
compensatory rest allowances. 

A close examination of the definitions and explanation would give 
an indication of the normal maximum incentive earnings for an average 
worker. Unless the qualifying standards for incentives arc set at too low 
levels, the incentive earnings cannot be as high as three to four times the 
normal wages. From the definition of normal time, it would seem that 
most workers would be consistently able to produce not more than about 
35 per cent above the standard. Even assuming that workers are tiring them¬ 
selves more than usual, and assuming that standard times have “erred” 
slightly on the loose side, the consistent incentive earnings for average 
workers cannot go more than about 50 per cent above standard. 

A second reason for workers producing at 300 per cent or more of the 
“standard” may be that, even though at the start of the scheme the standards 
were correct, several method changes might have taken place during the 
time the incentive scheme was in operation. This reduces the time requir¬ 
ed to perform the operations. The third reason could be that management 
arrived at a qualifying standard for incentives through a process of bargain¬ 
ing with the union. Such a possibility seems likely because the survey 
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on incentives in Indian industries shows that about 12 per cent of the com¬ 
panies responding to the questionnaire had incentive schemes based purely 
on bargaining. 


Attractiveness of Financial Rewards 

Considered purely on monetary terms, the attractiveness 
of financial incentives to workers depends on: 

(a) the qualifying levels and ranges set, as described above; 

(b) the relationship between incentive money and output, i.e., per¬ 
centage increase in earnings for, say, one per cent increase in 
output due to incentives; 

(c) the scope that exists in a company to earn incentive money on 
a regular basis. 

The design of the particular incentive scheme determines the relation¬ 
ship of earnings with output. The ranges that commonly exist arc covered 
under the different categories and variations of schemes discussed earlier. 
Essentially, management has to take into account the expected gains to the 
company and relate these to the existing conditions in terms of performance 
level, and worker’s attitude towards incentive schemes generally (i.e., how 
willing they would be to accept particular rate of incentive), before deciding 
on the relationship between earnings and output. The study group on 
productivity and incentives suggests that, above the standard output, the 
entire savings due to direct labour should be passed on to labour, and 
between the base performance level and standard, the incentive should be 
lower. 1 In other words, the workers should be paid less than one per cent 
increase in earnings for one per cent increase in output between base level 
and the standard, and that, above this level, for every one per cent increase 
in output, the workers should also get a one per cent increase in wages. 
The survey results (on incentives in Indian industries) show that in the 36 
companies (for which figures arc available), output has increased from a 
minimum of 15 percent to a maximum of 140 per cent. Also, only nine 
companies have allowed a percentage increase in earnings more than the 
percentage increase in production. 2 In other words 75 per cent of the 
companies get a higher percentage output for a correspondingly smaller 
percentage increase in earnings due to incentives. The average incentive 
earnings seem to be in the region of 30 per cent for an average increase in 
output of 42 per cent. Katzenson says that in United States incentives 
mostly range between 15 per cent and 35 per cent. 3 

1. Ibid. , p. 49. 

2. V. Ramachandran (Ed.), Incentive Schemes in Indian Industries , Maharashtra 
State I. PY. Committee, 1966, pp. 14-15. 

3. Robert C. Katzenson, Production Incentive Systems , National Foremen's 
Institute, Waterford, Connecticut, 1965. (© Prentice-Hall, Inc.) 
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As far as scope for earning incentives is concerned, it is limited for 
two reasons: (i) lack of jobs either because of shortage of material or in¬ 
sufficient demand, and (ii) machine controlled jobs limiting the worker’s 
scope to increase his incentive bonus. 

Whereas lack of materials seems to be a fairly common problem with 
most Indian Industries, lack of demand for the product seems to be less of 
a problem (particularly if we leave out the recession years and thee ase of 
some consumer durable items). In situations of this kind, it stands to 
reason to say that the management would not be in a position to provide 
opportunities to earn incentives. The problem, however, is quite different 
in situations where the demand for the products and the facilities to make 
them exist, but because the jobs are machine or process controlled, do not 
provide sufficient opportunity to workers for earning incentives. Some 
companies have tackled the problem by installing schemes like those des¬ 
cribed under “schemes to suit process-controlled situations.” 

Regarding payment of wages/incentives to workers when they have 
failed to meet the performance levels due to causes beyond their control 
such as lack of materials, machine breakdown, lack of orders, etc., the 
Study Group has listed alternative modes of payment. 1 

Some of the alternatives given are: 

(a) adjustment of standards to include provisions to take care of such 
situations, 

(b) paying for lost time at average incentive rate, 

(c) in case of piece-rates, providing certain pre-determined fall back 
wage rates, and 

(d) paying for lost time at normal wage rates without incentives. 

Out of these the first three are debatable and cannot be justified on 
any rational basis. If we make a reasonable assumption that the manage¬ 
ment is as keen as the workers to provide opportunities to produce at a rate 
higher than normal, and if management itself is deprived of the benefits of 
incentive scheme during the lost time, how can we expect them to pay extra 
money to workers? 


I. National Commission on Labour, Report of the Study Croup on Productility 
and Incentives , 1968, pp. 52-53. 
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Exhibit 1 

SCANLON PLAN 1 
Sample Calculation (one month) 




Rs. 

Rs. 

Gross sales 



8,98,780 

Less frieght-out 


12,268 


Less sales returns 


3,465 

15,733 

Net sales 



8,83,047 

Plus increase in inventory 



67,076 

Sales value of production 



9,50,123 

Allowed payroll (38.2 per cent of Rs. 950,123) 


3,62,927 

Actual Payroll: 




Factory payroll (Gross pay) 


2,06,674 


Office and salary payroll 


88,574 


Reserve for vacations and holidays 

12,402 

3,07,650 

Bonus pool 



55,297 

Reserve for deficit months (25 per cent) 


13,824 

Bonus balance 



41,473 

Company share (25 per cent) 



10,368 

Employees share (75 per cent) 

Bonus paid as per cent of participating 



31,105 

(Rs. 31,105-rRs. 2,95,248) payroll 2 



10% 

Status of reserve 

Total 

Employee 

Company 


reserve 

share (75%) 

share (25%) 


Rs. 

Rs. 

Rs. 

Beginning balance 

— 

— 

— 

Added this month 

13,824 

10,368 

3,456 

Ending balance 

13,824 

10,368 

3,456 


1. By special permission of MODERN MANUFACTURING (formerly FAC¬ 
TORY), July, 1962. Copyright by McGraw-Hill, Inc. 

2. Participating payroll equals total payroll minus vacation and holiday reserve 
(Rs. 3,07,650 -Rs. 12,402). 













A.B.C. TYRE COMPANY (D ) 1 


In May I960, Mr. Jules Rosenberg, Personnel Manager 
of A.B.C. Tyre Company of India, was considering the steps he should take 
to attract and recruit an adequate and stable labour force for the com 
pany’s new tyre manufacturing plant. Operations were scheduled to begin 
In May, 1961. Mr. Rosenberg, an industrial engineer, was working as the 
Assistant Personnel Manager in one of the company's U.S. plants prior to 
liis selection for the overseas assignment. A.B.C. Tyre Company’s require¬ 
ments of direct and indirect labourers in the plant was estimated to be 
200 people per shift. Three shifts were planned. In addition 75 employees 
would be required for the office and clerical sections. 

A.B.C. Tyre Company was a pioneer tyre manufacturer in the U.S.A. 
The company had been active in the international field for several decades 
and it had manufacturing facilities in more than a dozen countries. Its 
research department had achieved several firsts in tyre technology and 
A.B.C. was considered a leader in the industry. 

The new plant was located in a village situated about 20 miles from a 
large metropolitan city. The nearest township was six miles away. The 
city and the township were readily accessible to the plant by both a rail 
link and a highway which passed by the plant site; however, the nearest 
railway station was several miles distant, and public transport by bus was 
very limited. The metropolitan city could not be described as a major 
industrial centre, although many medium, and a few large industries had 
been established in outlying areas. The nearby township contained several 
medium sized industrial concerns and a large number of small companies. 
Among the medium scale units were: a fabricator of metal containers; a 
manufacturer of rubber soled footwear; two electronic concerns manufac¬ 
turing radios, electrical equipment, refrigerators and air-conditioners; and 
a firm of electrical contractors. None of the companies in the area manu¬ 
factured a product similar to tyres. 

At the time, there were three tyre manufacturing companies operating 
In India. All were located in cities which had a substantial number of large- 
:scale industries nearby. 

Tyre manufacturing required a number of highly skilled workers, in 
spite of the great degree of mechanization employed. In addition many 
employees had to have above average physical stamina in order to carry out 
their assigned operations. The company also required a large number of 


1. Many of the figures contained in the case have been disguised. 
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unskilled labourers to perform such functions as materials handling, jani¬ 
torial work and other unskilled jobs. These people were required due to the 
fact that restrictions had been placed on the import of all non-essential 
(to the processing) labour-saving machinery which was used in the U.S.and’ 
which would cut down employment. 

Mr. Rosenberg first drew up a representative list of jobs which required 
specific skills in the manufacturing of tyres. The descriptions of these jobs 
are included in Exhibit 1. The list did not contain such categories as jani¬ 
tors, material handlers, electricians, maintenance mechanics and similar 
service jobs, since Mr. Rosenberg thought these jobs would not be different 
from similar jobs in any type of factory. 

Mr. Rosenberg had obtained the average wage rates which were paid 
by the company for these jobs in the United States. However, he did not think 
he could apply the same standards that were used in the U.S. to determining, 
the comparative wages for these jobs in India due to variations in the degree’ 
of mechanization. These rates are given in Exhibit 2. Mr. Rosenberg 
decided that his first task was to study the wage and labour situation in India 
and gather as much information as he could on this subject. He contacted 
a number of companies in the nearby township, and the metropolitan city, 
and two of the three other tyre manufacturers in the country. Exhibit 3 
summarises this information. Also, he compiled figures on annual earn¬ 
ings of employees in industrial organisations as published by the Labour- 
Bureau (Exhibit 4). Agricultural workers in the village around the site 
earned an average daily wage of Rs. 1.98, and work was seasonal in nature. 

During the course of his investigations, he found that existing govern¬ 
ment regulations and/or current practices of industrial organizations in the- 
neighbourhood would require the following types of benefits to be given to 
employees as a minimum: 

1. Every worker who works for a period of 240 or more days in a. 
factory during a calendar year must be given leave, with wages* 
at the rate of one day for every 20 days of work performed. (This 
is a statutory requirement under the Factories Act of 1948.) 

2. It was a general practice by industries to grant a certain number of 
days as casual leave to their employees. This,'though not statu¬ 
tory, had been established by the decisions of industrial tribunals- 
to which matters of dispute on this subject were referred to. Most 
companies in the area gave between 7 and 10 days. 

3. Companies allowed varying number of days as sick leave. Most of 
the companies in the area gave cither 15 days sick leave at a rate 
equal to half the total of basic wages plus dearness allowance or 
7 days with full basic pay and dearness allowance. Sick leave 
was not a statutory requirement, but Mr. Rosenberg found that 
most companies had adopted the practice. 
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4. Mr. Rosenberg also discovered that the organizations that he 
contacted allowed 10 to 20 days of paid holidays during the year, 
although the minimum number of paid holidays which were 
prescribed by government legislation was less than 10. 

5. Regulations required the employers to set up a canteen, to be 
managed by a committee of the employees. 

6. In case of factories employing more than 500 workers, provision 
had to be made according to law for a fully equipped ambulance 
room with adequate medical and nursing staff. 

7. Mr. Rosenberg was informed that it was likely that within a 
period of two years the Employees State Insurance Scheme would 
be extended to the area where the plant was located. This would 
involve contributing a percentage of the employee’s wages towards 
a medical benefit scheme. The employer’s weekly contribution 
would range from Re. 0.44 to Rs. 2. 50 for each worker with daily 
wage ranges from Re. 1 to Rs. 8 respectively. 

8. The company would have to contribute 6£ per cent of basic wages 
towards the employees provident fund in the case of employees 
who had completed one year’s service with the company. 

9. The overtime rate prescribed by law was double the ordinary rate 
of wages, above 9 hours per day or 48 hours per week. 

10. Night shift differentials were required, but the amount of differen¬ 
tial had to be settled by the company. Few companies in the area 
worked night shifts; however, the average differential for those who 
did amounted to 5 paiseper hour. 

Mr. Rosenberg's inquiries revealed that workers in many of the 
organizations in the neighbourhood had come to look upon yearly bonus 
payments as a regular annual payment by the employers. Bonuses in 
nearby companies ranged from 20-30 per cent of yearly basic wages. 

Mr. Rosenberg also discovered that prices of tyres in the United States 
and prices in India were more or less equal. He could not quite reconcile 
this with the high labour cost in the United States. Although Mr. Rosenberg 
had no idea of the cost of producing tyres in India, he was aware of the 
fact that rubber prices were fairly uniform all over the world and 78 per 
cent of the cost of tyre making in the United States was accounted for by 
raw material cost, the rest consisting of labour and overheads. In Akron, 
Ohio, the tyre capital of the world, workers in tyre plants worked a six 
hour, six day week and average hourly earnings amounted to S3.50 per 
hour. A.B.C. was planning to use modern manufacturing facilities similar 
to those employed in the United States. However, as mentioned earlier, 
tyre manufacturing still depended heavily on the skill of the workers. 
Mr. Rosenberg spelled out the following as areas in which decisions had to be- 
made in order to arrive at a broad plan for compensating the labour force. 
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(1) General policy decisions on wages to be paid to A.B.C. employees. 

(2) Specific wage levels to be adopted in the A.B.C. Tyre Company 
of India. 

(3) Specific wages to be paid to the persons employed in the different 
job categories. 

Exhibit 1 

A.B.C. TYRE COMPANY (D) 

Job Specifications 

(1) Cement House Operator: (2 people/shift) 

1. Directs helper who warms up stock; then stock is 
either soaked in solvent for a predetermined time before loaded 
into mixer or placed directly into mixer and processed into finish¬ 
ed material. 

2. Procures all necessary ingredients and operates other mixers 
which are used in production. 

3. Sees that all cements are mixed to specification and schedule. 

4. Tests cements and brings to proper specification requirements. 

5. Runs the more complicated batches. 

6. Consulted in cases of errors or doubts. 

7. Helps sort incoming materials and services other departments. 

Operator will perform other miscellaneous duties in the interest of 
overall operation and keep his work area clean. 

The job place is generally wet and dirty and contaminated by fumes 
from solvents and cements. The operator has to move drums of chemicals 
and solvent either by hand or by using small hand trucks. New employees 
took approximately 9 to 15 weeks to become proficient on the job. 
Employees were required to follow written specifications and instructions in 
requisitioning various chemicals and in mixing them. The cement mixes 
were used for making the plies of the tyre stick to one another. Cements 
•of various compositions were used in several operations of tyre making. 

(2) Cure Flaps Operator: (4 persons/shift) 

1. Secure flap ring, 1 place on stand and apply flap to ring. 

2. Place 8 or 9 rings with flaps in curing pan. 

3. Remove heater lid; place loaded curing pail into heater, using 
hoist; replace heater lid; lock securely. 

4. Open valves and set temperature control according to specifica¬ 
tion and operate. 

1. Device to keep inner tube from chafing against the metal rim on which the 
tyre will be mounted. 
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5. Shut off heater—remove cured flaps and rings from pan—using 
hoist. 

The work place was very hot. A great deal of manual handling of 
parts as well as manual handling of hoist. Average learning time, 2 weeks. 

(3) Cure Tyre Operator: (10 peoplc/shift) 

1. The operator cleans molds, inserts identification serial 
plates and puts green tyres in molds (by hand, except in the case of 
very large tyres), activates press, removes cured tyres. 

2. Operator will also wipe tyres, swab beads with solution, make up 
and record production on record sheets, switch tyres in and out on 
conveyor between mold lines, inflate bags if necessary. 

3. Jn addition operator will also wash and cement tread, vent air 
bubbles, cement under chafers, wash out and cement side wall 
cuts, replace ply brands or test brands and perform other minor 
repairs which do not require putting new material in tyre. Tend 
steam, electrical and mechanical functions of curing operation, 
instruments, charts, inking and necessary record sheets required 
during curing cycle. Employees will keep their working area 
clean at all times and do any operation necessary in efficiently 
performing any part of their job assignment. Employees were 
also required to handle the air bag required in the curing 
process. 1 2 

The cure tyres operators worked in hot, noisy and dusty condition. 
Learning time approximately three to four weeks and employees had to 
follow written specifications for the various types of tyres, maintain records, 
repair the tyre mould and remove tyres from the mould. Great deal of 
heavy manual work. 

(4) Bead Building Operator: (3 pcople/shift) 

1. The operator will attach the end of rubber coated wire 
to the chuck of the bead building machine. Then, by pressing a 
foot pedal, start the machine which wraps the bead automatically. 
Stops machine when the bead is completed. He cuts bead with 
cutter. Operator takes out bead. Takes the end of insulated 
wire and again puts in chuck and starts the bead building machine 
again. Operator will take full truck of beads to storage and bring 
empty truck to bead building machine. Operator will also change 
diameter of chuck or put on new chuck as necessary. 


1. See Job 5. 

2. Hoops of wire used to strengthen the point where the tyre grips the metal rim. 
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Employee will perform other miscellaneous duties in the interest of 
overall operation and keep his work area clean. 

The job was generally considered monotonous and was noisy. Em¬ 
ployees were required to operate at a fast pace. Very light handling was 
required. Average learning time in the past varied from 5 to 8 weeks. 
Workers had to build beads to specification and requirements according to 
the schedule. They were also required to set the equipment for the different 
types of beads. 


(5) Air Bag Building Operator 1 : (5 pcople/shift) 

1. Position rubber tubular stock on table, cut to length, 
wash each end, trim ends with wet knife, place wood paddle 
inside one end of bag and drill valve hole. Apply cement to tube 
ends, and valve areas. 

2. Place valve in bag and apply pressure to valve area. Make splice 
of these ends and roll down to insure good surface fit. Set bag 
on press, add additional cement and apply pressure for specified 
time. Cement splice area and apply green stock over splice. 
Roll. Operator obtains supplies of stock and cements. 

Employees will perform other miscellaneous operation in the interest of 
overall operation and will keep work area clean. 

The operator works in slightly dusty surroundings and uses solvent 
cements for splicing, etc. The workers are required to handle the air bags 
and have to exercise skill in cutting air bags before fixing the valve. 
Learning time averages 5 to 8 weeks. The work requires employees to build 
bags to written specifications. 

(6) Tube Building Operator: (10 pcople/shift) 

1. Remove green tubes from tray truck and place on table. 

2. Cut tube to splice length. 

3. Punch valve hole, attach valve. 

4. Place tube in skiving machine, 2 skive tube—operator will make 
necessary adjustment to skiving machine to secure proper skiving, 
remove skived tube from machine. 

5. Buff the skived ends. 

6. Cement tube ends, join ends of tube. 

7. Place tube in tray truck. 

Employees will perform other miscellaneous duties in the interest of 
the overall operation and keep his work area clean. 

1. Similar to tyre tube—but placed inside curing tyre and inflated—to make sure 
that cured tyre returns proper shape. 

2. Cuts end of tube to taper, so that the two ends meet. 
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The workers employ soap stones to scour the tubes, inside and out¬ 
side, which is dusty. Material handling was very light. Average learning 
time varied from three to four weeks. Employees have to exercise skill in 
•cutting tube to length, splicing, skiving, buffing, punching the valve hole and 
applying the valve. 

(7) Band Building Operator 1 : (20 pcople/shift) 

1. The operator pulls ply stock out of a roll. The end 
of the ply stock is wound around a drum and it is cut from the 
roll. The two ends are spliced. All wrinkles and bad fabric 
are removed from ply stock. Benzine is applied, each splice and 
band is rolled down completely. Code and identification number 
is applied on band. 

2. Operator will replace his own rolls of stock, changing empty and 
full liner when necessary. Make band changes when necessary. 

Employees will perform miscellaneous duties in the interest of overall 
operation and keep work area clean. 

Employees worked under average working conditions. Physical work 
was average, excepting when changing the rolls manually. Learning time 
averaged three to four weeks. Employees had to follow instructions in 
building bands to specification, keeping a check on the stock, and in employ¬ 
ing the right width of ply stock. 

(8) Green Tyres Inspector: (2 peoplc/shift) 

1. Secure truck full of green tyres and position near 
inspection table. 

2. Secure green tyre from truck and place on table. 

3. Inspect tyres for defects such as loose plies, wrinkles, and blasters, 
using hand awl, turn down loose or open ply ends at bead area. 

4. Inspector will repair only minor defects such as those mentioned 
above. Any other kind of defect will be repaired by the tyre 
builder. 

5. Aside inspected tyres on to proper green tyre storage area. 

Employees will perform other miscellaneous duties in the interest of the 
overall operation and keep his work area clean. 

Works under average conditions. Some dust in the area. Requires 
manually handling tyres during the inspection. Learning time between 
three to four weeks. The operators should know tyre construction and be 
able to detect improper construction. 


1. A band is a layer of rubberized fabric, several layers of which form the tyre body 
to which the tread and side walls are attached. 
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(9) Bead Building Operator—Machine Flat: (3 pcople/shift) 

1. Operator secures bead from arm rack near machines* 

places bead in machine, pushes button to apply pressure roll on 
bead, starts flipper strips 1 on-to band, steps on foot pedal* 
releases pressure, cuts flipper stock, removes flipped bead from 
machine and places on arm rack. Changes rolls of flipper when 
necessary, asides completed beads to regular storage area, secures 
unfinished beads from storage racks. 

Employees will perform other miscellaneous duties in the interest of tho 
overall operation and keep his work area clean. 

The operation is considered monotonous and noisy. Only light 
material handling is involved. Learning time varies from five to eight 
weeks. Workers are required to follow instructions as to size and types of 
beads to be produced and to adjust accordingly. 

(10) Tyre Building Operator: (20 pcople/shift) 

1. Operator checks to make sure of plies of required size 
and quantities, beads, etc., on hand. 

2. Picks up a layer of ply and wraps it over drum of tyre making, 
machine. 

3. Cuts off ply to correct length and splices ends evenly. 

4. Rotates drum of machine and ply is mechanically smoothed out 
evenly over entire surface of drum. 

5. Stops drum, adds next ply and repeats operations for required 
number of plies, taking care to alternate angular direction of cord 
in successive plies. 

6. Adds right number of beads to tire and folds the ply stock over the- 
beads. 

7. Lifts tread off supply tray and wraps around centre of drum, over 
new formed “carcass” plies. Buffs the tread ends perfectly. 

8. Collapses drum of tyre making machine, and manually removes the- 
tyre from the drum. 

The operator works in fairly clean, but noisy conditions, and uses 
solvents and cements to bind the plies together, and the tread to the plies. 
Learning time averages 6 to 9 months. Operator has to maintain tolerances 
throughout entire building operation within ±-005 inches. Has to adjust 
for temperatures and humidity conditions in the plant. Many companies 
include as minimum requirements a height of at least 5'-10" and weight of 
at least 180 lbs., since great deal of physical stamina required. 


1. Strips of rubberized fabric wound around bead wires. Machine does winding 
but operator hand feeds. 
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The above 10 jobs are representative of the semi-skilled and skilled 
jobs in the plant. In addition, approximately 46 other employees per shift 
would be included in the semi-skilled to skilled category. The maintenance 
and inspection groups, numbering approximately 21 people per shift, were all 
highly skilled. In addition, the company employed 52 people per shift in 
non-skilled to semi-skilled jobs such as materials handlers, shipping and 
receiving personnel, watchman, etc. 

Exhibit 2 

A.B.C. TYRE COMPANY (D) 

Wage Rates for Jobs Similar to Those Included in Exhibit 1, 
as Paid in the United States (Dollars Per Hour) 


S 


1 . 

Cement House Operator 

4 14 

2. 

Cure Flaps Operator 

3 78 

3. 

Cure Tyres Operator 

4 02 

4. 

Bead Building Operator 

3 72 

5. 

Air Bag Building Operator 

3 84 

6. 

Tube Building Operator 

3 90 

7. 

Band Building Operator 

4 02 

8. 

Green Tyres Inspector 

3 78 

9. 

Bead Building Operator—Machine Flaps 

3 84 

10. 

Tyre Building Operator 

4.90 


Exhibit 3 

A.B.C. TYRE COMPANY (D) 

Hourly Wage Rate* of Labour of Various Companies in India—1960 


. Unskilled 

Semiskilled 


Skilled 

Highly skilled 


Rs. 

Rs. 

%of 

un¬ 

skilled 

Rs. 

%of 

un¬ 

skilled 

Rs. 

%of 

un¬ 

skilled 

Competitor 1—City X 

0.71 

0 93 

131 

0 99 

140 

1.17 

165 

Competitor 2—City Y 

0.59 

0.68 

115 

0.76 

129 

0.90 

153 

Automobile manufacturer. 

CityX 

0.46 

0.55 

119 

0.64 

140 

0.86 

187 

Electrical contractors on 

project 

0.58 

0.74 

128 

0.88 

152 

1.09 

188 

Other project contractors 

0.29 

0.44 

151 

0.63 

217 

0.75 

259 

Container manufacturer 

in area 

0.39 

0 46 

118 

0.62 

159 

0.75 

192 

Shoe manufacturer in area 
Electronic concerns in area: 

0.59 

0.71 

120 

0.89 

151 

1.09 

185 

(i) 

0 29 

0.32 

110 

0 50 

172 

0 63 

217 

(ii) 

0.29 

— 

— 

0.52 

179 

1.04 

359 


* Mr. Rosenberg had converted the daily/weekly/monthly wages he received into 
hourly wage rates for easier comparison. These figures include both basic wage rate and 
dearness allowance. On the average, on total earnings up to Rs. 200/- per month, dearness 
allowance accounted for 40-60 per cent. Above 200 and below 400, it averaged 
25-50 per cent. 


24(45-110/1970) 
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!: ;i: \ : Exhibit 4 

A.B.C. TYRE COMPANY (D) 


Average Annual Earnings of Employees in Manufacturing Industries Covered 
Under the Payment of Wages Act Earning Less than Rs. 200 Per Month by 
' *•’ Industries for 1960 (Provisional) (e) 


Code Industry 

No. 

Number of Factories 

In factories furnish - 
ing returns 



Covered 
under the 
Act 

furnishing 

returns 

A verage 
daily 
employ¬ 
ment 
('000) 

A verage 
per capita 
annual 
earnings 

23 

Textiles 

4,701 

3,099 

1,061 

1,403 

24 

Footwear, other wearing 
apparel and made-up tex¬ 
tile goods 

285 

197 

15 

1,426 

25 1 Wood and cork (except 
furniture) 

1,584 

1,044 

34 

858 

26 

Furniture and fixtures 

303 

198 

9 

1,031 

27.’ 

Paper and paper products 

234 

171 

32 

1,294 

28 

• l 

Printing, publishing and 
allied industries 

2,234 

1,747 

77 

1,228 

29- 

c • 

< 

Leather and leather pro- 
: ducts (except footwear) 

447 

358 

18 

944 

30 

: Rubber and rubber products 293 

207 

25 

1,414 

31 

k 

’.Chemicals and chemical 
products 

1,401 

1.033 

112 

1,334 

32 : 

\ \ 

Products of petroleum and 
, coal. 

181 

146 

11 

2,042 

33 

< 

i 

_ I 

Nonnietallic mineral products 
(except products of petro¬ 
leum and coal) K831 

1,263 

133 

1,022 






{< Continued) 
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Exhibit 4 ( Contd.) 


Code Industry 

No. 

Number of factories 

In factories furnish¬ 
ing returns 



Covered 
under the 
Act 

Furnishing Average 
returns daily 

employ¬ 
ment 

Oooo) 

Average 
per capita 
annual 
earnings 

34 

Basic metal industries 

1,114 

783 

108 

1,498 

35 

Metal products 
(except machinery and 
transport equipment) 

2,342 

1,681 

96 

1,294 

36 

Machinery 
(except electrical 
machinery) 

3,029 

2,009 

142 

1,225 

37 

Electrical machinery, 
appararus, appliances 
and supplies 

647 

445 

52 

• 1,436 

33 

Transport and transport 
equipment 

1,593 

1,185 

135 

1,434 

39 

Miscellaneous 

industries 

. 1.587 

1,117 

88 

1,284 

5i 

Electricity, gas 
and steam 

497 

353 

271 

1,458 

52 

Water and sanitary 
services 

\ ! 

177 

115 

5 

1.110 

73 

Recreation on services 

58 

37 

4 

1.221 

84 

Personal services 

130 

96 

7 

722 


ALL INDUSTRIES 

24,668 

17,284 

2,191 

1,342.4 


(Continued) 
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Exhibit 4 ( Contd .) 


SI. States/Union 

No. territory 

No. of factories 

In factories submitting 
returns 


Covered 

Frunishing 

returns 

A rerage 
daily 

employment 

(’000) 

A verage per 
capita annual 
earnings 

1. Andhra Pradesh 

1,001 

767 

51 

944.8 

2. Assam 

314 

250 

12 

1,574.1 

3. Bihar 

974 

962 

111 

1,996 8 

4. Gujarat 

2,374 

2,061 

264 

1,689.3 

5. Kerala 

1,120 

639 

45 

978 0 

6. Madhya Pradesh 

703 

248 

45 

1,345 3 

7. Madras 

2,504 

2,075 

223 

1,366.8 

8. Maharashtra 

5,671 

3,996 

561 

1,756.7 

9. Orissa 

238 

138 

16(a) 

1,104 5(a) 

10. Uttar Pradesh 

1,741 

1,472 

188 

1,209 1 

11. West Bengal 

3,027 

2,328 

556 

1,368.9 

12. Andaman and 
Nikobar Islands 

12 

12 

2 

1,111.4 

13. Delhi 

972 

828 

57 

1,628 0 

14. Tripura 

— 

— 

—*(e) 

1.345.1(c) 


24,668 

17,284 

2,131(e) 

1,516 7(e) 


note: The above figures are provisional and exclude those for Railway Work¬ 
shops, and groups of industries of seasonal nature consisting of Food, Beverages, Tobacco 
and Gins and Presses. The figures of average annual earnings have been obtained by 
dividing the actual wage bills by the corresponding figures of average daily employment 
(before rounding them up to thousands as shown in the Table). Figures of average daily 
employment are as obtained from returns received under the Payment of Wages Act and 
hence are different from those collected under Factories Act. 

(a) Excludes figures relating to employees earning Rs. 200 or more but less than. 
Rs. 400 per month for the industry group Basic Metal Industry in the Public Sector. 

(e) Estimated. 

* The figure of average daily employment was 89 only. 















AIR INDIA 1 


In July 1960, the Sub-Committee for Job Evaluation sub¬ 
mitted its report. The legal counsel had raised many questions about the 
report. The Chairman of the Arbitration Committee was considering how 
he should answer these objections. 

There had been some disputes, regarding the wages to be paid to many 
of its employees and other service conditions between the Employees’ Union 
and the Management of Air India. A committee of arbitration had been 
appointed by the Government of India somewhere in the middle of 1959 to 
look into these demands and grievances. Some of these demands were 
concerned with the scales and grades of pay of a large number of categories 
of employees; some extra allowances to certain categories; certain junior 
employees to be automatically promoted to senior grade upon reaching the 
maximum of the grade, and many other demands pertaining to benefits, such 
as dearness allowance, conveyance allowance, house rent allowance, etc. 

As many of the demands concerned the proper fixing up of wage and 
salary scales and the increments within each grade, the arbitration committee 
decided to set up a sub-committee for evaluating the jobs pertaining to 
these demands. This committee consisted of 10 persons, five nominated 
by the Management and five by the Union. The Deputy Chief Adviser, 
Factories (Productivity), Government of India, Productivity Centre, Bombay, 
was appointed Convener of this Sub-Committee for Job Evaluation. This 
Sub-Committee commenced the work from 23rd September, 1959. 

History of Air India and the Demands 
There were many air services in India before July 1946 and 
at the end of July 1948, many of them were amalgamated and only 4 
companies were operating. Subsequently, a few more airlines were esta¬ 
blished as private limited companies. However, Air India was the largest 
of all the air transport companies in India. It had a fleet of 24 multi-engined 
aircraft in 1946. 

In 1948, the Government of India approved a scheme submitted by the 
Air India Limited to form a new international air transport company called 
Air India International Limited. This company employed a total staff of 
3,671 at the end of 1948. In 1953, this company was re-organised under 
the name of Air-India International Corporation. 

A new company, the Indian Airlines Corporation, was also formed in 


1. Extracted from Maharashtra Government Gazette Extracts, November 7, 1960. 
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1948 which became the legal successor of the Air India Limited after nationa¬ 
lisation and on the formation of the Air India International Limited. All 
personnel that were engaged in the work of Air India International Limited 
which really belonged to Air India Limited were transferred to the Indian 
Airlines Corporation. Hence, only 551 employees, most of whom were 
employed at foreign stations, came on the pay rolls of the Air India Inter¬ 
national Limited. A programme of gradual transfer of the staff from the 
Indian Airlines Corporation to the Air India International Corporation was 
put through step by step and it was completed by the end of 1955. As a 
result of this nearly 1,800 employees, almost all of whom prior to August 
1953 were in the employ of Air India Limited, were first taken over by the 
Indian Airlines Corporation and were thereafter transferred to the Air India 
International Corporation. 

Before July, 1953, pay scales and other conditions of service of the 
employees of Air India Limited were governed by the consent award of the 
Industrial Tribunal, Bombay, dated 26th April, 1949. 

In June 1953, the Air India Employees Union wrote a letter to the 
Labour Department of the Government of Bombay, urging that the scales 
of pay and other conditions of service obtaining in the Air India Limited 
should be made applicable to all workmen working in the Air India Inter¬ 
national also. 

Since most of the demands centred around fixing up of regular salary 
grades, the Arbitration Committee decided to evaluate the jobs under 
consideration and for this purpose set up a sub-committee for job evaluation 
as described earlier. 

According to the Chairman of the Arbitration Committee, the job 
evaluation committee put in a colossal amount of work. The Sub-Com¬ 
mittee, whose Convener was an officer of considerable ability and experience 
in matters relating to productivity and job evaluation, and whose members 
were five representatives of the workmen, set about its work in a spirit of 
amity, harmony and goodwill and performed the task with patience and 
thoroughness. They did their work with meticulous care (see App. I 
for extracts from the report of the Sub-Committee for Job Evaluation). 

Before any job evaluation itself was commenced, all the members of the 
Sub-Committee joined in a training programme on job evaluation which was 
conducted by the Productivity Centre, Ministry of Labour and Employment, 
Government of India. The object of the training—and it may be noted 
that the training was imparted during several sessions—was to bring to the 
notice of the members the principles and practices of job evaluation, so as 
to enable the members to participate actively and intelligently in every 
aspect of job evaluation. A programme of training for the members of 
the Sub-Committee was drawn up. The place of job evaluation in wage 
administration was explained to the members of the Sub-Committee and they 
were introduced to the various techniques of wage administration. The 






HUMAN ELEMENT OF PRODUCTION 


375 


practices and objectives of job evaluation were also explained to the members. 
The importance of the various factors was also discussed. After a general 
survey of the methods and systems of job evaluation during the training 
period the Sub-Committee of Assessors decided that the point rating system 
of job evaluation should be followed for the jobs to be evaluated under the 
terms of reference to the Sub-Committee. This was a unanimous decision. 
There was no dissenting voice from any representatives of the Union. 

A twelve factor point system plan was adopted for the jobs falling under 
the Technical and Works Category (Exhibit 1) and an eight-factor point 
systems was adopted for the jobs falling under the Administrative and 
Clerical Category (Exhibit 2). it became necessary to adopt the two plans— 
the twelve factor point system and the eight factor point system—because 
the jobs that fall within the scope of this arbitration were such as could not 
be evaluated by a single plan. It was, therefore, decided unanimously by 
the Sub-Committee that the jobs that fell to be evaluated should be classi¬ 
fied in two categories, the Technical and Works Category and the Adminis¬ 
trative and Clerical Category. The Sub-Committee also concluded unani¬ 
mously that the jobs of Junior Artists, Chief Artists, Flight Purser and Air 
Hostess could not be evaluated under any of the two plans adopted; The 
Sub-Committee further came to the conclusion that they were not aware 
of any job evaluation plan anywhere under which the Artists could be evalu¬ 
ated. As regards the Flight Purser and Air Hostess the Sub-Committee felt 
that evaluating them cither under the Administrative Plan or under the 
Technical and Works Personnel Plan would do injustice to these two cate¬ 
gories as these jobs’ characteristics were not fully reflected in these two plans. 
Moreover the range of comparable job characteristics for these two categories 
being narrow, the Sub-Committee felt that it was not possible to prepare a 
separate plan for them. 

The legal counsel for the Employees’ Union raised many objections 
regarding the job evaluation. 

Firstly, he claimed that the system was arbitrary, as at- every stage 
of the system—at the factory determination stage, the degree descrip¬ 
tion stage, the points assignments stage—human opinion and human 
judgement played a considerable part and made the system a subjective 
system and the objectivity was lost completely. 

Secondly, .the system of job evaluation froze the grades and also 
the differentials. 

Thirdly, the system was based upon material which was defective 
and insufficient. He contended that the proper method of tackling a 
wage question was to maintain traditional differentials which had 
been inherited by the history of a particular organisation. Relative 
valuation of jobs on the basis of factors lacked accuracy and preci¬ 
sion and cannot result into any mathematical formula for the determi- 
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nation of the relative worth of jobs. For example, if the jobs carrying 
points 225 to 250 were assigned a particular grade, in the case of a job 
carrying 251 points would be put in the next higher grade, a job carrying 
224 points would be put into a lower grade. In other words, a differ¬ 
ence of only one point in the evaluation of a job would mean the higher 
rating of a job or the lower rating of a job. But a difference of as 
many as 24 points would still make no difference to the grades. Under 
these circumstances, how could one call the job evaluation system a 
fair, just and equitable system? 

Fourthly, the counsel attacked the method of introducing relative 
rating of jobs—as a result of the point ranges as assigned it would 
not be possible for a mechanic to be promoted to a leading hand in 
his own section. For example, job No. 46 was that of a mechanic 
\n the Power Plant Overhaul (Machine Shop) of the Engineering 
Department and job No. 19 was that of a Leading hand in the Power 
Plant Overhaul Division in the same Department. The sub-title of 
this job was machine shop (see Exhibit 3). Under the existing cir¬ 
cumstances, a seniormost mechanic in the machine shop would, if 
found suitable, be promoted to the position of a leading hand in the 
same section. However, the job evaluation would make it difficult 
for a mechanic in the machine shop to become a leading hand in the 
same section under the job evaluation system. The reason being that 
the job No. 46 is assigned 210 points whereas job No. 19 is assigned 
258. If the grades are divided by the range of 25 points each and if 
job No. 46 is to be in a grade whose range is 221 to 225 and if job No. 
19 is to be in any grade whose range is 251 to 275 then there would 
be an intermediate grade whose range of points would be 226 to 250. 
Thus, a mechanic would have to jump over one grade before he could 
aspire to the position of a leading hand in the same section. 

Fifthly, on the administrative side, the counsel pointed out the 
discrepancies with regard to job No. 73 and 76 (see Exhibit 4). Job 
No. 73 was designated as Junior Clerk in the Pay Accounts Section 
of the Accounts Department and No. 76 was Junior Clerk in the Cash 
Section of the Accounts Department. The requirements for No. 73 
under the Education Factor were as follows: 

Matriculation, knowledge of book-keeping and diploma in 

accountancy. 

Whereas under the same factor in the case of Job. No. 76 the require¬ 
ment is: Simple Matriculate. 

Thus, the required education in the case of No. 73 was of a higher 
description than the education required in the case of 76 and even 
then the points assigned to the factor “Education” in both these jobs 
were the same, namely, 20. Similarly, there were other discrepancies 
in the case of Division Clerks, Progress Clerks, etc. 
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Sixthly, the counsel also drew the attention to job No. 41, 42, and 
48 on the Administrative side and job No. 70 on the Technical side. 
The designation of job No. 41 (Administrative) was Senior Stores 
Keeper, but he worked in the Cabin Stores Section of the Stores 
Department. The designation of job No. 48 (Administrative) was 
also Senior Stores Keeper, but his place of duty was in the Receipt 
Section of the Stores Department. The number of points assigned to 
job No. 41, 42, and 48 (all Administrative) are 160, 160 and 156 
respectively. The designation of job No. 70 on the Technical side is 
Senior Printer (sub-title “Artist”) in the Printing Section of the Stores 
Department. The number of points assigned to this job is 175. 

Presently the Senior Printer (sub-title: Artist) was in the same 
grade or scale of pay as a Senior Store Keeper. But as a result of job 
evaluation, under which the points as stated above had been assigned 
to these jobs, the Senior Printer would be put in the grade of Mechanic 
IT, which was a lower grade than the grade of Senior Stores Keeper. 
It was true that the existing grade of Mechanics II was a lower grade 
than the grade of Senior Stores Keeper. 

Seventhly, the counsel drew the attention to job No. 77 on the 
Administrative side and job No. 85 on the Technical side. The desig¬ 
nation of job No. 77 on the Administrative side was “Tracer in the 
Standards Division of the Engineering Department,” whereas the 
designation of job No. 85 (Technical) was also “Tracer in the Standards 
Division of the Engineering Department.” To job No. 77 (Adminis¬ 
trative) 80 points had been assigned by the Sub-Committee for job 
evaluation and to job No. 85 (Technical) 134 points had been assigned. 
The counsel’s contention in respect of these jobs was that although the 
duties assigned to them were the same, how could the points given to 
them be different? He also contended that although at present both 
these jobs were in the same scale of pay, under the job evaluation system 
job No. 77 (Administrative) would be put in the same grade in 
which a junior clerk would be put, whereas job No. 85 (Technical) 
would be down-graded and put in a grade where Mechanic II would 
be put. 

Finally, the counsel contended that the job evaluation system had 
not been used as a basis for determining the wage structure of any air 
transport company’s personnel anywhere. The wage structure in 
airline companies had been the result of collective bargaining only. 
Adopting either the 12 point factor system or the 18 point factor system 
would exclude certain other factors relating to wage rates, such as 
demand and supply position at a given time. He contended that the 
system should be modified to include a factor ralating to the demand 
and supply position at any given time. Also, the factor of continuity 
of employment was not considered in either of the two systems. 
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Factors Considered for the Jobs Given in Exhibits 1 and 2 



Technical and works 
jobs factors 



Administrative and clerical 
job factors 

1 . 

Education 


1 . 

Education 

2. 

Experience 


2. 

Experience 

3. 

Mental skill 


3. 

Complexities of duties 

4. 

Manual skill 


4. 

Responsibility for money/ 

5. 

Physical effort 



operations 

6. 

Mental and/or visual effort 


5. 

Confidential data 

7. 

Responsibility for materials 


6. 

Supervision 


and/or operations 


7. 

Contact with others 

8. 

Responsibilities for tools 


8. 

Working conditions 


and equipment 




9. 

Responsibility for others’ 

work 



10. 

Working conditions: disagreeable- 




ness 




11. 

Responsibility for others’ 

safety 



12. 

Working conditions: accident 




and occupational hazards 





Exhibit 1 
AIR INDIA 

Technical and Works Plan 


Degrees 


* 


Base 

1st 

2nd 

3rd 

4lh 

5th 

6th 

Per cent 

1. Education 17 

0 

17 

34 

51 

68 

85 

102 

2. Experience 

17 

0 

17 

34 

51 

68 

85 

102 

3. Mental skill 

10 

0 

10 

20 

30 

40 

50 

60 

4. Manual skill 

6 

0 

6 

12 

18 

24 

30 

36 

5. Physical effort 

8 

0 

8 

16 

24 

32 

40 

48 

6. Mental/visual effort 

7 . 

0 

7 

14 

21 

28 

35 

42 

7. Responsibility for material/ 
operations 

6 

0 

6 

12 

18 

24 

30 

36 

8. Responsibility for tools/cquipment 

6 

0 

6 

12 

IS 

24 

30 

36 

9. Responsibility for others’ work 

8 

0 

8 

16 

24 

32 

40 

48 

10. Responsibility for others’ safety 

5 

0 

5 

10 

15 

20 

25 

30 

J1. Disagreeableness 

5 

0 

5 

10 

15 .. 

. 20 

25 

30 

12. Accident/Occupational hazards 

5 

0 

5 

10 

15 

20 

25 

30 
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Exhibit 2 

AIR INDIA 

Administration and Clerical Category 


Degrees 


Description Weightings 

Base 

1st 

2nd 

3rd 

4th 

5th 

6th 

Per 

cent 







120 

1. Education 

20 

0 

20 

40 

60 

80 

100 

2. Experience 

20 

0 

20 

40 

60 

80 

100 

120 

3. Complexities 

16 

0 

16 

32 

48 

64 

80 

96 

4. Responsibilities for money/ 
operations 

10 

0 

10 

20 

30 

40 

50 

60 

5. Responsibility for confidential 
data 

10 

0 

10 

20 

30 

40 

50 

60 

6. Supervision 

10 

0 

10 

20 

30 

40 

50 

60 

7. Contact with others 

10 

0 

10 

20 

30 

40 

50 

60 

8. Working conditions 

4 

0 

4 

8 

12 

16 

20 

24 


Exhibit 3 

AIR INDIA ' 

List of Representative Evaluated Jobs in the Technical and Works Category 


Serial Designation and 1 2 3 4 56 789 10 11 12 

No. sub-title, if any -—- - 

Skill Effort Responsibility Working 

condi¬ 

tions 


68 50 18 8 35 30 24 00 00 00 00 318 


68 50 24 00 14 00 12 52 00 5 10 283 

68 30 18 24 14 00 00 24 00 15 15 259 

68 40 24 8 21 00 12 24 00 5 5 258 

68 40 18 00 14 00 6 24 00 10 00 231 


17 30 24 16 21 18 18 00 00 5 10 210 


00 40 24 00 28 18 18 00 00 5 10 194 


00 40 18 00 21 6 00 00 00 5 00 175 


17 20 18 00 28 6 6 00 00 5 00 134 


00 10 6 16 7 6 00 00 00 25 20 90 


1 

Examiner, Standard 
Room 

85 

io* 

Charge Hand Radio 

68 

i8* 

Leading Hand, 
Maintenance 

51 

19 

Leading Hand, 
Machine Shop 

51 

30* 

Charge Hand, Tinsmith 51 

46* 

Machinist, Machine 
Shop 

51 

60* 

Mechanic Radio, 



R.T. Ill 

51 

70* 

Printer Senior Artist 

85 

85* 

Tracer Drawing Office 

34 

95* 

Clearing Operator 

Sand and Vacur 



Blasting 

00 
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Exhibit 3 

AIR INDIA 

List of Representative Evaluated Jobs in the 
Administrative and Clerical Categories 


Serial No. 

Designation 
and sub-title , 
if any 

Education 

Experience 

Complexities 

Responsibilities 

Confidential 

data 

Supervision 

Contact 

\ 

Working 

conditions 

Total 

1 Office Assistant, 

Establishment 

20 

80 

64 

20 

30 

10 

20 

4 

248 

10 Chief Traffic Assistant, 

Passport 

20 

60 

48 

20 

20 

00 

40 

12 

220 

20 Senior Traffic Assistant, 

Reservations 

20 

60 

48 

30 

00 

00 

30 

8 

196 

30 Sr. Cargo Assistant, 

Airport 

20 

60 

32 

30 

00 

10 

20 

8 

180 

41 Senior Storekeeper 

20 

60 

32 

10 

00 

10 

20 

8 

160 

42 Senior Storekeeper, Stores 

20 

60 

32 

10 

00 

10 

20 

8 

160 

47 Typist/Clerk, School 
(Engg.) 

40 

20 

32 

10 

20 

10 

20 

4 

156 

48 Senior Storekeeper, 
Receipt 

20 

60 

32 

10 

00 

10 

20 

4 

156 

73 Junior Clerk Bill (Pay) 

Issuing 

20 

40 

16 

10 

00 

00 

10 

4 

100 

76 Junior Clerk, Cash Section 20 

20 

16 

10 

00 

00 

10 

4 

80 

77 Tracer Standards 

40 

00 

16 

10 

00 

00 

10 

4 

80 
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Appendix I 
AIR INDIA 

Introduction to Job Evaluation 

Job Evaluation is a rating of jobs according to a speci¬ 
fically planned procedure in order to determine the relative worth of each 
job. 

It should be pointed out that Job Evaluation is not a science, because 
human judgement is too variable to allow for claims of scientific accuracy 
in the application of job evaluation. The accuracy of Job Evaluation is 
obtained from a systematic and objective approach. While no scientific 
accuracy is claimed, it should also be mentioned that “Job Evaluation is the 
most acceptable present day method of determining, through a refinement of 
our opinions, equitable wage relationships.” 

After a general survey of methods and systems of Job Evaluation, 
during the training period, the Sub-Committee of Assessors decided that the 
Point Rating System of Job Evaluation should be followed for the jobs to be 
evaluated under the terms of reference to the Sub-Committee. Accordingly, 
a twelve-factor point system plan was adopted for the Technical and Works 
category and an eight-factor point system was adopted for the Administra¬ 
tive and Clerical category. The steps involved in these plans and the proce¬ 
dures followed are given in the following pages: 

Steps Involved in Job Evaluation Plan 

The General steps involved in a Job Evaluation Plan are: 

1. Determination of the types of jobs to be evaluated. 

2. Preparation of job descriptions. 

3. Determination of the factors to be used in the job evaluation plan 
and defining the factors. 

4. Determining the number of degrees to be allocated to each factor 
and defining each degree of each factor. 

5. Determining the weightings of each factor and assigning points to 
each degree of each factor. 

6. Evaluating the jobs using the plan developed. 

7. Relating them to a wage scale. 

8. Installing and maintaining the plan. 

Determination of the Types of Jobs to be Evaluated 
As per the terms of reference of the Sub-Committee of 
Assessors for Job Evaluation, the Types of jobs to be evaluated were limited 
to those that come under arbitration according to the agreement under 
section 10A of the Industrial Disputes Act, 1947, between the employers, 
the Air-India International, and the workmen represented by the Air 
Corporations Employees’ Union. 
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The Sub-Committee Assessors on Job Evaluation found that due to 
inherent differences in the characteristics of the jobs, all jobs under arbitra¬ 
tion could not be evaluated by a single plan. It was, therefore, decided by 
the sub-committee that these jobs should be classified in two categories, 
namely, (1) Technical and Works, and (2) Administrative and Clerical. 

The job evaluation factors for the two categories of jobs had to be consi¬ 
derably different to measure the specific characteristics of the group of jobs. 

Having decided the characteristics of the two separate categories of 
jobs, an individual job was clubbed according to the characteristics which 
would fit the job most. It was, however, found that the Sub-Committee 
could not come to an agreement with respect to four jobs, viz., (a) Progress 
Clerks, (b) Tracer, (c) Draughtsman, and (d) Technical Assistants. The 
Management representatives felt that the above mentioned jobs should go 
under the Technical and Works category whereas the Union representatives 
felt that they should be under the Administrative and Clerical category. 

In view of the difference in views, these four jobs were evaluated 
under both the Technical and Works category as well as Administrative and 
Clerical category plans; and the results are shown separately for the refer¬ 
ence of the Arbitration Committee. The final decision on this may be made 
by the Arbitration Committee in view of the lack of agreement at the Sub¬ 
committee level. It was felt unanimously by the Sub-Committee of Assessors 
that the jobs of Artist (Art Studio), Receptionist, Flight Pursers and Air 
Hostesses could not be properly evaluated by any of the two plans developed 
and, therefore, it was felt, it would be much better to consider these jobs 
separately. The Sub-Committee of Assessors could not also evaluate the 
jobs of the Office Superintendent and Senior Draughtsman/Chief Time 
Keeper/Assistant Security Officer/Personal Assistant/Secretary, as there 
had been difference between the representatives on these jobs being included 
in the plan or not on the basis of their respective stand under the Indus¬ 
trial Disputes Act, before the Arbitration Committee. 

A list of selected jobs under each one of the two categories, prepared 


consultation with several sections concerned, is given below: 

Technical and Works Category 

i. 

Examiner 


Standard Room 

10. 

Charge Hand 


Radio 

18. 

Leading Hand 


Maintanance 

19. 

Leading Hand 


Machine Shop 

30. 

Charge Hand 


Trinsmith 

46. 

Machinist 


Machine Shop 

60. 

Mechanic 


Radio R.T. Ill 

70. 

Printer Senior 


— 

85. 

Tracer 


Drawing Office 

98. 

Cleaner Operator 


Galley Equipment 
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Administrative and 
I. Office Assistant 
10. Chief Traffic Asst. 

20. Senior Traffic Asst. .. 

41. Senior Storekeeper .. 

42. Senior Storekeeper .. 

47. Typist/Clerk 

48. Senior Storekeeper .. 

73. Junior Clerk 

76. Junior Clerk 

77. Tracer 


Clerical Category 

Establishment 

Passport 

Reservations 

Cabin Stores 
Engineering School 
Receipt 

Bill (Pay) Issuing 
Cash Section 
Standards 


Preparation of Job Description 

Job description being one of the most important steps in job 
evaluation, the Sub-Committee, at the initial stage, devoted considerable 
time to be fully conversant with the preparation of job descriptions. During 
the training period, the guiding principles involved in describing a job were 
discussed in detail and the members prepared several trial job descriptions 
to gain practical experience. Afterwards, the job descriptions were pre¬ 
pared by teams, each team consisting of a representative each from the 
Management and the Union. Besides, in the early stage, a job was indepen¬ 
dently described by two different teams; and the descriptions made by the 
two teams were compared and reviewed.at the end. Moreover, a good 
number of job descriptions (approximately about 10 per cent of the total 
jobs under the Technical and Works category) were discussed in detail and 
approved by the Committee, before they were actually evaluated. Thi> 
procedure was adopted during the early period as a further step to over¬ 
come any difficulties in the preparation of job descriptions. 

An example is given in Appendix II. 

Determination of the Factors to Be Used and Defining 

Them 

(i) number of factors: As regards the determination 
of the number of factors to be used in a job evaluation plan, the procedure 
followed by the Sub-Committee is in conformity with the practices generally 
seen elsewhere. After a preliminary analysis of the jobs, the factors were 
decided unanimously by the Sub-Committee according to the characteristics 
of the jobs under the terms of reference. The Sub-Committee accepted 12 
factors for the Technical and Works category and 8 factors for the Admi¬ 
nistrative and Clerical category. A list of the factors under each category is 
shown in Exhibit 1 and Exhibit 2. 

(ii) After selecting the number of factors to be included in the Job 
Evaluation plan, it was important to prepare a clear, well-understood defi¬ 
nition for each factor and its various degrees, so that all the persons in the 
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Sub-Committee of Assessors would have the same concept of exactly what 
aspects of the jobs were being covered by each of the factors and their degrees. 
This was vitally important to avoid confusion in the minds of the Sub¬ 
committee members as well as to ensure the reliability and consistency of 
evaluation. During the time of preparation of the definitions of the various 
factors and their degrees, the Sub-Committee members kept this important 
point in mind and had also opportunity of referring to definitions of similar 
factors and degrees given in Standard Text-Book and Job Evaluation manuals. 
With respect to many factors, a survey was also made with a view to ensure 
that the different aspects of the various jobs under the terms of reference 
were taken into account. It will be seen from the definitions of these 
factors that wherever necessary, examples and bench-jobs were also quoted 
to ensure a positive concept of the terms used. 

A set of sample definitions of the factors and their various degrees are 
shown in Appendix III. 

Determination of the Number of Degrees to be Allocated 
to Each Factor and Defining Them 
In a point system Job Evaluation plan, each factor of the 
plan is sub-divided into degrees. This could be compared to division of an 
inch into eight or ten sub-divisions (i.e., 1/8" or 1/10") to help measure 
dimensions of each order. 

Too small sub-divisions of a factor into degrees has the danger of not 
fully bringing out the range of differences of the factor among various jobs. 
Too many degrees of a factor also makes the definition of each degree of 
each factor extremely difficult; besides, not clearly showing a well-defined 
difference between successive degrees. For convenience and consistency, 
equal number of a degree are commonly adopted for each factor for a point 
system job evaluation plan. 

Taking into account the above considerations, the sub-committee 
adopted 7 degrees for each of the factors under both Technical and Works 
and Administrative and Clerical plans. The sample definitions of some 
of the degrees of some factors are given in Appendix III. 

Determination of the Weighting of Each Degree of Each 
Factor 

In a point system Job Evaluation plan, some factors are 
more important than others. The weighting of the factors, therefore, should 
be according to their relative importance. In order to give an objective 
decision regarding the weighting of the factors selected, the Sub-Committee 
took into account not only the specific characteristics of the job under 
the terms of reference but also referred to the comparative weighting 
recommended by widely applied job evaluation plan. Moreover, the Sub- 
Committee also tried out a few possible combinations of weighting to find 
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out the validity of adopting an acceptable final weighting. The weighting 
of each factor and the points allocated to each degree of each factor are 
given in Exhibit 1 and Exhibit 2. 

Evaluating the Jobs Using the Plan Developed 

After preparing descriptions of the various jobs and defin¬ 
ing the factors and their degrees, the Sub-Committee evaluated these jobs 
by comparing the descriptions with the definitions. The decisions with 
respect to the evaluation of the majority of the jobs were without any doubts 
being raised by any member of the Sub-Committee. Whenever there was 
any doubt with respect to any aspect of a job, the Sub-Committee got it 
clarified by directly checking up the particular aspect. There were also 
occasions when views of the concerned Supervisors were sought. It may 
be mentioned that on those occasions the Supervisors were very helpful in 
enlightening the Sub-Committee with finer details. The Sub-Committee 
members’ intimate knowledge of the various jobs was also an added advantage 
for an objective evaluation. The Sub-Committee’s decision was unanimous 
in respect of all the jobs and results are shown in the following pages 
(of the Sub-Committee’s Report). 

Appendix II 
AIR INDIA 

Examples of Job Description 

job no. 1 8 (technical). (1) Operator supervises the work 
of 15 mechanics (from a group of approximately 60 men) of Air-frame, 
Hydraulic Air-conditioning, Engine, Electrical, Instrument and Bench¬ 
fitting trades and up to two cleaners, for production. Operator distributes 
the men, allotted to him by Deputy Superintendent, tradewise on the various 
jobs on the aircraft and engines after taking stock of the work remaining by 
referring to the routine and snag sheets and taking over directly from the 
outgoing Leading Hand. 

(2) In the case of aircraft that is coming in, the shift operator has to 
take instructions from the Deputy Superintendent as to where the aircraft 
has to be docked and thereafter arrange for all movable equipment if required 
to be kept on location, such as stands, trestles, cables, grand panes, etc. 
Operator also arranges for all pre-select components and spares required for 
scheduled changes and also for snags if reported in flight and conveyed 
by Movement Control to Maintenance. 

(3) In the case of aircraft coming in for an Engine Change, operator 
has to select and get a suitable place cleared for an inhibiting run on the 
Engine to be changed, arrange for Engine Sling, Cradle, Inhibiting Oil, etc., 
and check for serviceability of crane or form lift as* the case may be and 
instruct driver as to what is required of him. 


25(45-110/1970) 





386 


PRODUCTION MANAGEMENT—TEXT AND CASES 


(4) During the progress of all work, operator has to arrange for and 
provide all spares, etc., required by mechanics, through progress from Stores 
and keep abreast of all work being done so as to co-ordinate inspection with 
production as and when required for stage and final inspection as the case 
may be and also to be able to give the Deputy Superintendent the actual 
position of work at any time, when asked during the course of the shift. 

(5) Operator has to organise and co-ordinate the men supervised in 
pulling aircraft in and out of hangers, in towing aircraft, parking aircraft 
on run-up bays, jacking up or lowering of aircraft from jacked position, the 
towing of engines to and from P.P.O. section and ballasting of aircraft for 
Test and Practice flights. 

(6) Operator supervises and guides Engine installation on aircraft 
and on cradles along with Inspector. However, for this operation the 
Inspector is the final authority. 

(7) Operator arranges for Engine runups, Oxygen filling, refuelling 
and off-loading and takes all mandatory safety precautions for the same. 

(8) In the case of two Leading Hands with two teams working at the 
same time on the aircraft and engines, operator has to co-ordinate with the 
other so as to get the work completed in time to pull out the aircraft. 

(9) For all runups, operator has to take all mandatory safety pre¬ 
cautions and arrange for all equipment required and also floodlighting of the 
runups bay and floodlighting for all special jobs. Operator has also to 
check oil levels in the oil tank and arrange for it to be filled up to requirements 
with Burmah Shell. In the case of Test Flights and Practice Flights, the 
same has to be done in respect of fuel also in consultation with the Inspector 
of the Aircraft. 

(10) Operator has to turn propellers on the electrical starter as and 
when required. 

(11) Operator has to submit the following in writing to the Deputy 
Superintendent: 

(i) Report on accidents to aircraft. 

(ii) Aircraft movement sheet specifying location where aircraft has 
been parked, docked, moved and their timing, also the registra¬ 
tion of the aircraft. 

(12) In the event of work being more or less than the men can cope 
with in the limited time, Operator informs the Deputy Superintendent of the 
same and follows his instructions. 

(13) When Mechanics are free on their trades, Operator has to utilise 
them on other jobs. 

(14) Operator has to help and/or guide Mechanics on difficult jobs. 

(15) Operator has to go to other Divisions and check for availability 
or completeness of jobs required from them. 

(16) Operator has to ensure that all safety precautions arc taken 
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by the different trades working on the aircraft at the same time. 

(17) Operator has to ensure that all components are properly tagged 
before handing over to progress. 

job. no. 47 (administrative). (1) Maintenance and upkeep 
of School Library, i.c., revising and keeping up-to-date the Manuals and 
connected correspondence and also arranging for getting books from Techni¬ 
cal Library as and when required. 

(2) Issuance of books and Manuals to the Instructors and trainees and 
receiving them back as and when the particular subject is over—identify 
books as instructed. 

(3) Assignment of Instructors for taking day-to-day classes. 

(4) Making a monthly programme for the training to be conducted, 
i.e., drawing charts. 

(5) Preparing of task sheets for the information of trainees and 
instructors bi-weekly. 

(6) Arranging for instructors' attachment to various shops for parti¬ 
cular training and experience. 

(7) Maintenance and upkeep of school property (furniture). 

(8) Record of all films that are shown in the Engineering school. 

(9) Correspondence work relating to trainees (i.e., movement of 
trainees from school to various shops, etc.). 

(10) Publishing of school results and also arranging for examinations, 
i.e., phase examinations and typing of question papers. 

(11) Maintenance of question papers (includes A.I.D. paper) and 
answer papers. 

(12) Maintenance of School Register. 

(13) Maintenance of School Personal Lockers in various shops. 

(14) Issuing keys to the trainees and instructors. 

(15) Issuing Inspection Staff Notice to the instructors. 

(16) Maintenance of Inspection Staff Notice File and other Technical 
Notices. 

(17) Maintenance of Register of attendance of trainees. 

(18) Stencil cutting and arranging for duplicating forms, circulars, etc. 

Appendix in 
AIR INDIA 

technical and works personnel. The proficiency in 
performing the job following the standard procedure without fumbling and 
hesitation. 

Sub-Division: Education (Knowledge and training and/or pre- 
employment experience). 

This factor would take into account education (knowledge, training. 
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and pre-employment experience) required for the satisfactory performance of 
the job with the necessary “Experience.” 


Description 


Degree Points 


Ability to follow simple English terms. Base 0 

Ability to read and understand written instructions and 
make additions and subtractions and/or trained in 
driving (vehicles), painting (letters, etc.) 1 17 


Ability to read, write and make simple calculations and 
understand detailed sketches and diagrams, and trade 
knowledge in a non-aircraft technical trade like welding, 
vulcanising, carpentry, tailoring, and so on II 34 

or 

in the absence of formal training, trade experience in any 
of the above technical trades of 2 to 3 years’ duration 

or 

Military/Police training of not less than 3 years’ duration 

Ability to read, write and fully conversant with workshop 
calculations. Ill 51 

And understand blueprints, wiring diagrams and other 
relevant technical literature, and acquired technical 
knowledge in any branch of aircraft technical trades 

or 

In the absence of formal training the corresponding trade 
experience of not less than 3 years’ duration in aviation 
industry or 5 years’ in the relevant engineering industry. 

Certificate course in electrical, mechanical or radio 
servicing and two years’ experience IV 68 

or 

Knowledge in science up to undergraduate level and special 
training in radio engineering or electronics, automobile 
engineering (I.Sc.) 

or 

Aircraft trade (technical) knowledge requiring D.C.C.A. 
approval and the same to be maintained at regular 
intervals. 
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Description 


Degree Points 


Diploma in Engineering or Technology. V 85 

Graduate in Science in the above relevant branches. 

Degree in Engineering or Technology and/or D.C.C.A. 
licence. VI 102 

Factor 1—Skill.—The proficiency in performing the job following the 
standard procedure without fumbling and hesitation. 

Sub-Division—Experience (On the job training and experience). 

“Experience” would be considered in addition to “education” as deemed 
necessary for the satisfactory performance of the job. Where such 
“education” is absent, and the job knowledge is acquired through on-the- 
job training or experience itself, then such learning period would be 
credited by the equivalent period deemed necessary for the same. 


Description 

Degree 

Points 

Up to 3 months’ experience 

Base 

0 

Above 3 and up to 6 months’ experience 

First 

17 

Above 6 and up to 12 months’ experience 

Second 

34 

Above 1 year and up to 3 years’ experience 

Third 

51 

Above 3 and up to 5 years’ experience 

Fourth 

68 

Above 5 and up to 7 years’ experience 

Fifth 

85 

Above 7 years' experience 

Sixth 

102 


note: In the case of technical non-aircraft trades like Welding, Vulcanising, 
requiring DGCA approval and the same to be maintained at regular intervals, an extra 
credit of 6 months’ additional experience would be added. 


Factor 1—Skill.—The proficiency in performing the job, following the 
standard procedure without fumbling and hesitation. 

Sub-Division—(c) Mental Skill.—The mental skill deemed necessary for 
the satisfactory performance of the job is decided on the following 
basis: 

(i) Judgement demanded by the job in visualising operations and 
taking appropriate corrective action without recourse to super¬ 
vision. 

(ii) Variety in the job. 

(iii) The complexity in the procedure to be followed and the effect of 
violating the correct procedure. 

(iv) Planning and control expected from the operator on the job being 
rated. 

(v) Initiative required in executing and developing the job. 
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Factor 1—Skill 
Degree—I 

Sub-Division—Mental Skill 
Points—10 

Description—Jobs of this category cover a variety of duties in a scheduled 
pattern, where adherence to procedure is important; minor adjustments 
are made when directed. 

Examples—Cleaner (Operator—sand and vapour blasting). 

Factor 2—Effort—the exertion required to perform jobs following the 
standard procedure and maintaining the natural rhythm. 

Sub-Divisional—Physical Effort—The physical effort required to perform 
the job is decided with respect to: 

(i) Position of posture while performing the job such as sitting, 
standing, walking and awkward posture involving either twisting 
of the body or climbing up. 

(ii) Resistance overcome, force applied, or load lifted causing mus¬ 
cular exertion. This will be classified as under: 

Light weight up to 15 lbs. (Equivalent). 

Medium weight 16 to 40 lbs. (Equivalent). 

Heavy weight 41 and above (Equivalent). 

(iii) Frequency with which the above two items are encountered. 
This will be classified as under: 

Occasional 6 to 15 per cent of the shift time 

Intermittent 16 to 40 per cent of the shift time 

Continuous 41 per cent and above of the shift time. 

Factor 2—Effort 
Degree—Base 

Sub-Division—Physical Effort 
Points—0 

Description—Jobs of this category of physical effort require negligible 
physical exertion and are performed at comfortable posture (alternate 
sitting and standing postures). They are mainly of attention, assembling 
of small parts, operation of switches (push-buttons or light type) and light 
and simple valve such as in testing. 

Example—Mechanics (Instruments-Shop). Charge Hand (Radio) Examiners 
(Instrument Shop). Tracer. 

Factor 3—Responsibility—Responsibility is the obligation imposed either 
by the nature of the job or authority reposed in the designation for pre¬ 
venting loss in materials, tools and equipment through improper working, 
bad use, negligence or bad upkeep, and for preventing accident to others 
and maintaining satisfactory performance of others. 
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Sub-Division—Responsibility for materials and/or operation—This factor 
appraises the responsibility in preventing damage to materials and/or 
operations which is decided on the following basis: 

(1) The type of product or operations and/or quality of work, and 

(2) The extent of damage and subsequent effect through replace¬ 
ment, repair or re-work. 

ADMINISTRATIVE AND CLERICAL PERSONNEL 

Factor 7—Contact with others.—This factor appraises the degree of tact 
and judgement to deal with other people during the course of work to 
obtain the desired results. 


Description 

Degree 

Points 

Little or no contact except with immediate associates or 
supervisors 

Example—Typist (General) 

Base 

0 

Contacts limited to furnishing and obtaining infor¬ 
mation 

First 

10 

Contacts may be with the customers, other deparments 
or sections, but the nature of the contact requires 
tact, generally limited to furnishing and obtaining 
information 

Example—Typist Clerk (Time-keeping, Maintenance) 

Second 

20 

Contacts with customers, other departments and busi¬ 
ness or public requiring tact and diplomacy to avoid 
friction and maintain Company's goodwill 

Third 

30 

Contacts with divisional heads on matters requiring 
explanation and discussion. Jobs involving person¬ 
ally influencing the public to patronise the company 
also come under this category 

Fourth 

40 

Contacts with senior executives or with outsiders that 
may influence important decisions. Frequent con¬ 
tacts involving carrying out programmes or schedules 
requiring the influencing of others to obtain desired 
results also come under this degree 

Fifth 

50 

Regular and frequent outside contacts with persons of 
high rank, requiring well developed sense of strategy 
and timing to deal with and influence people 

Sixth 

60 







SAI BABA MILLS (B) 


Early in 1958, the general manager of Sri Sai Baba Mills had 
placed orders for one automatic warp tieing-in machine for use in the weaving 
section of the mills. The automatic winding machine was an ingenious 
device that reduced the number of drawing-in operations required to set up 
looms for weaving, as well as the time required for setting up the loom. 

The company had decided to progressively introduce the newer types 
of machinery that had become available since the war. In this, they were 
guided by: 

(i) the savings in cost resulting from the introduction of new machines, 
and 

(ii) the production of quality fabrics. 

In view of the not-too-favourable attitude of the labour union towards 
substitution of newer machinery, management was proceeding with consider¬ 
able caution. The immediate problems that needed management attention 
were listed as follows: 

1. A wage scale had to be evolved for the operator of the new machine 
and the assistant to the operator. The new wage rate would have 
to be accepted by the union, and the management had to draw up 
proposals on the basis of which they could negotiate with the union 
to arrive at wage rates agreeable to both. 

2. They also had to decide whether more mcchines of the same type 
were to be ordered in the near future. Drawing-in operations 
are concerned with the preparation of the warp threads for weaving 
on the loom. The warp threads are wound around a beam. 
The ends of the warp threads are passed between the drop wires, 
eyes in the harness, and dents in the reeds. These enable the warp 
threads to remain parallel and to be separated into two layers for 
the weft threads to pass between them. When the end of the warp 
threads on a beam are reached, the loom is stopped, and started 
up again after a new beam of warp threads is put in. 

In the conventional method of operation, the ends of the warp threads 
on each new beam had to be drawn into the drop wires, the harness, and the 
reed in what is known as the drawing-in operation. The operation is 
generally performed away from the loom shed by two people known as a 
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drawer-readier team. The drawer passes the threads through the appro¬ 
priate spaces in the harness and the reeds, and the readier pulls the warps 
through. The team works on drawing stands which are fairly inexpensive. 
After all the ends of the warp threads of a beam have been drawn on through 
the drop wires, the harness, the reeds, and the beam, they are all transported 
to the loom and the beam of warp threads loaded on the loom. 

The drawer’s job requires considerable skill and manual dexterity as 
well as working experience with the different sorts of fabrics to be made. 
The reacher’s job, on the other hand, calls for much less skill. The difference 
in skills between the drawer and the readier is considerable, as is clear from 
the period of training required for reaching proficiency. An experienced 
reacher needs six months to be trained as a drawer, an un-skilled person 
can become a reacher in just 15 days of training on the job. 

The drawer-readier team generally averages two and a half beams per 
shift of approximately 8,200 ends. Traditionally, the drawer was paid on a 
piece rate basis. The piece rate was fixed at 13.5 paisc for 1,000 ends. 
The reachers, however, drew fiat basic wages of Rs. 28 per month of 26 
shifts. Both the drawer as well as the reacher received, in addition, a flat 
dearness allowance and other fringe benefits. 

The automatic warp ticing-in machine reduces the number of drawing- 
in operations considerably. This is because this machine enables the warp 
ends of one beam to be tied to the warp ends of a new beam so that a fresh 
drawing-in operation was eliminated. However, drawing-in operations 
would be required if a new sort of fabric had to be started on the loom. 
Thus, the reduction in the number of drawing-in operations would result 
only if the looms ran a number of standard sorts. The advantage would 
also be eliminated if the harness and healds had to be cleaned or replaced. 
The frequency of cleaning depends on the type of healds, cotton or wire, as 
well as the quality of the yarn used. On plain fabrics using single spun yarn, 
one drawing-in operation could be followed by the next beam. In the manu¬ 
facture of shirting cloth, using doubled yarn, one drawing-in operation could 
be followed by 10 operations of the tieing-in machine before the healds had 
to be cleaned. 

The Sai Baba Mills had a total of 144 looms in operation and a total 
stock of 159 beams. According to the estimate made by the planning 
department, each day 60 beams would require warp tieing-in operation. 
The remaining would require warp drawing-in operations. The different 
sorts of fabrics manufactured by the company had considerably increased 
in recent years. 

Based on data supplied by the manufacturers, normal times for the 
major elements of the task using the new warp tieing machine were as 
follows: 


1. Preparation for tieing-in 


: 17.25 mts. per beam 
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2. Knotting : 1,000 ends—2.85 mts. per 1,000 

ends 

3. Removing stands and other 

equipment : 6.22 mts. per beam 

• The distribution of time for performance of the elements of the drawing- 
in operations for normal workers was as follows: 


Shift time 

Efficiency rate 80 per cent 
Preparation and removing 
time/beam 


8.00 hrs. 
6.40 hrs. 
17.25 
6.22 


2\ beams 

Time for drawing-in 10,000 ends 
For 1,000 ends 


23.47 mts. x2£ 
58.75 mts.= l hour 
5.40 mts. 

64 mts. 


It may be noted that reduction in time takes place substantially through 
the knotting of the old warp ends to the new warp ends. The time for pre¬ 
paration and removing stands would remain more or less the same in both the 
drawing-in as" well as the warp tieing-in operations. These elements of the 
task were the primary responsibility of the readier. 

Specifications developed under Indian conditions by the manufacturer 
and the experience of early users of automatic warp tieing machine in India 
indicated the following “norms” for production outputs. 


No. of ends/beam Production per team per shift 

Beams Ends 


1 . 

1000-1500 

14.5 

18,120 

2. 

1501-2000 

13.5 

23,620 

3. 

2001-2500 

12.5 

28,120 

4. 

2501-3000 

11.5 

31,620 

5. 

3001-3500 

11.0 

35,750 

6. 

3501-4000 

10.5 

39,380 

7. 

4001-4500 

10.0 

42,500 

8. 

4501-5000 

9 5 

45,120 

9. 

5001-above 

9.0 

45,000 


90 per cent of the fabrics made by Sai Baba Mills had ends in the 
ranges 2501-3500 ends/per beam. 
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Sai Baba Mills employed 26 drawer-rcacher teams at this time. The 
teams had the following distribution of years of service with the mill. 

10 teams 20 years 

8 teams 18 years 

8 teams 15 years 

The new machine would require a machine operator and a helper to the 
operator. It was estimated that a drawer could become a skilled machine 
attendant with about a month’s training. A readier could become helper to 
the machine operator with 15 days’ experience. 

Probable Union Attitudes 

Earlier when other mills had introduced automatic pieces of 
equipment, the union had insisted on alternate employment and retirement 
benefits to displaced workers, a point of view accepted by most employers 
as well as industrial tribunals. In arriving at wage scales for operators of 
new machines, the union had consistently insisted that the labour should 
share in the increased productivity resulting from the introduction of new 
pieces of equipment. It also demanded that the skill or training requirements 
alone should not form the criteria for fixing up new wage scales. 

Retrenchment compensation was to be paid even if the worker was to 
be re-employed on another job. Gratuity was payable in addition, if the 
worker decided to retire from the employment of the mills. 

Compensation for change of job or retirement included: (1) retrench¬ 
ment compensation at the rate of one month’s salary and dearness allowance 
for each year of service, and (2) gratuity at the rate of one month’s basic 
salary for each year of service. 

Since this was the first machine of its kind to be introduced in the city, 
the union was expected to press for a wage scale applicable over the whole 
range of fabrics being produced in other textile mills in the city. 

After World War II, the dearness allowance allowable for textile 
workers had risen at a rate of 20 per cent a year. 

Information regarding cost of new machine, operating costs, and 
existing scales of wages and dearness allowance, etc., is given in Exhibit 1. 
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Exhibit 1 

SAI BABA MILLS (B) 
Information on Cost of Machinery Operating 
Costs and Wages and Fringe Benefits 

A. COST OF MACHINERY, EQUIPMENT: 

1. Price of automatic warp tieing-in machine : 

2. Cost of wring loom shed for operating warp 

tying machine : 

3. Expected yearly depreciation : 

4. Maintenance costs : 

5. Cost of machinery for drawing stands : 

N 

B. OPERATING COSTS (POWER, ETC.): 

1. Drawing stands 

2. Automatic warp tieing-in machine : 

C. WAGES AND FRINGE BENEFITS, ETC. 

1. Drawer Basic salary (p.m.) : 

Dearness allowance (p.m.) : 

Provident fund and leave 
pay at 10 per cent (p.m.) : 

Total 

2. Reacher Basic salary (p.m.) : 

Dearness allowance (p.m.) : 


Provident fund and leave 
pay at 10 per cent (p.m.) 


Rs. 

32,000.00 

2 , 000.00 

3,200.00 

1,600.00 

Negligible 


Nil 

Negligible 

42.50 l 
70.00 

112.50 

11.25 

123.75 

28.00 

70.00 


98.00 

9.80 
107.80 


1. The figure is based on average earnings of a number of experienced drawers. 










HARIDOSS CHEMICAL COMPANY 


In December 1966, Mr. Vincent, the production director 
of Haridoss Chemical Company, was reviewing the incentive scheme which 
had been in force in the company for over a decade. Mr. Vincent thought 
that the scheme needed some adjustments as it did not reflect changing 
conditions in the industry. 

Mr. Vincent had received a suggestion from the industrial engineer, 
Mr. Rathnaswami, to include the canteen boys, watchmen and peons of the 
company in the incentive scheme. The industrial engineer believed that an 
expansion of the number of employees covered’by the scheme would satisfy 
the workers’ union and would still be consistent with the principles of “pay¬ 
ment by results.” Although he conceded that estimating the output of these 
workers was rather difficult, he reasoned that it would be unfair to leave 
them out of the scheme. 

Haridoss Chemical Company had been established in 1944 and was 
situated in one of the industrial centres of southern India. The company 
manufactured a wide range of chemicals (organic, inorganic, and fine) which 
it sold throughout the country both in bulk and in small packings. The 
growth of the company had been rapid. There were 1,300 workers on its 
rolls in December, 1966. 

History and Nature of the Incentive Scheme 
In recognition of the need for increasing productivity, the 
management of Haridoss Chemical Company had decided to introduce an 
incentive scheme as early as 1953. An industrial engineering department 
was established in January 1954, to help the management in the introduction 
and maintenance of the scheme. The department was headed by an industrial 
engineer. He had four assistants and reported to the production director. 

As a starting point, the industrial engineering department conducted 
a survey of the existing jobs in the plant and suggested method improve¬ 
ments wherever necessary. After these suggestions had been implemented, 
the department determined the performance standards of the jobs, using 
time-study techniques. The procedure used for computing normal and 
standard times for the various operations are given below: 

(1) Individual jobs were broken down into basic elements. 

(2) These elements were then time studied, using snapback or conti¬ 
nuous methods of stop watch time study to get the actual times 
of performance. 
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(3) A number of observations were made to determine the activity 
rate of each clement and an activity adjustment rate was deter¬ 
mined. 

(4) The normal time for the element was calculated by multiplying 
the observed average time by the observed adjustment rate. 

(5) To get the standard lime for the element, the industrial engineer 
added two types of allowances to the normal time; an allowance 
of 15 per cent which was applied to all jobs, irrespective of their 
nature and a variable allowance which depended upon the job. 
The constant allowance was composed of the following elements: 

(a) 5 per cent for personal needs, 

(b) 5 per cent contingency allowance, and 

(c) 5 per cent for fatigue allowance. 

Ichteui.. 

The industrial engineer made these allowances because he thought 
they were reasonable. 

Variable allowances took care of built-in delays on the job, un¬ 
favorable working environments, etc. Repetitive jobs, as in the 
packing line, carried no variable allowances. Exhibit 1 gives a 
sample calculation of standard time for one of the operations. 

Calculation of Incentive Payment 

On analysing the time study data, the industrial engineering 
department found the efficiency of performance of the direct workers 1 on 
an average was about 75 per cent. To calculate the incentive payment 
Mr. Rathnaswami assumed that upon introduction of the incentive scheme, 
the efficiency of the direct workers would increase to 97 per cent (an absolute 
increase of 22 per cent) or about one-third over the present. The Manage¬ 
ment decided to share a portion of the direct labour cost savings from the 
22 per cent increase between the direct and indirect workers. The direct 
workers’ share was fixed at 50 per cent of the total savings and that of the 
indirect workers at 12.5 per cent. Exhibit 2 gives the actual calculations 
made by the company to determine the amount of payment. The direct 
and indirect workers’ share amounted to Rs. 8.00 and Rs. 6.00 respectively 
per worker per month. Thus the individual indirect workers received 75 
per cent of the amount received by the direct workers. 

In 1954, for the purpose of paying incentive, the management placed 
all helpers of the direct workers and maintenance staff in the category of 
indirect workers. Although the maintenance staff, numbering about 75, 
were included in the calculation shown in Exhibit 2, they were not actually 
brought under the scheme till 1961. 

1. Direct workers were those who had a direct work relationship with the machines 
and production processes, whereas those who acted as helpers to direct workers were 
treated as indirect workers. 
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The scheme did not provide for incentive bonus to those workers 
whose efficiency was below 75 per cent. But those workers whose efficiency 
was between 75 per cent and 115 per cent 1 on any day got paid on pro-rata 
basis (see Exhibit 4). If a direct worker achieved or averaged 97 per cent 
efficiency on all the working days of a month he was paid Rs. 8.00 per month 
as incentive. The efficiency in a processing section was determined as the 
ratio of actual to standard production. In a non-processing section the 
ratio of standard time to actual time was a measure of the efficiency. 

At the time the scheme was launched, in March 1954, both the direct 
and the indirect workers were averaging Rs. 79.21 per month as total wages. 
The break-up was as follows: 



Rs. 

Basic wages 

27.50 

Dearness allowance 

40.00 

Provident fund 

4.25 

E.S.I. contribution 

0.50 

Other benefits: 


Annual leave (money value) 

2.87 

Uniform and shoes (money value) 

3.00 

Free medicine (money value) 

1.09 


79.21 


Standard in Processing Sections 

Standards in the processing sections were set in the manner 

described below. 

The processing job was broken down into various operations and the 
‘standard time’ for these operations was obtained by mutual agreement 
between the industrial engineering department and the processing sections 
concerned. The processing sections worked more than one shift and the 
cycle time for many of the processes was more than eight days. Hence 
the industrial engineer felt that it was costly and not necessary to observe 
operation times of the manufacturing process in various shops. A multiple 
activity chart (man-machine chart) for the processing operations was drawn 
and from this the optimum number of personnel required and the standard 
production for a month were calculated. 

An example of how the incentive earnings of such sections were calcu¬ 
lated is given below: 

One section manufactured potassium permanganate and normally 
produced 10,000 kgs. per month. This level of output was then equated 
to an efficiency figure of 75 per cent. The workers in that section 


I. This was the ceiling set for any one working day. 
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started getting incentive when the production in any particular month 
was more than 10,000 kgs. If the actual production reached or 
exceeded 12,930 kgs. (corresponding to 97 per cent efficiency) all the 
direct workers were paid Rs. 8.00. Between 10,000 and 12,930 kgs. 
they were paid proportionately. Rs. 8.00 was the maximum payment 
for the month. 

Conditions for Paying Incentive 

(1) The company did not pay incentive money when the 
production was stopped for reasons beyond the control of the management, 
such as power failure, machine breakdown, or low production programmes. 
However, the management put the workers on other jobs when there was 
a machine breakdown, and retrenched “badli” (substitute) workers when 
there was a low production programme in order to give the permanent 
workers enough work and an opportunity to earn incentive. 

(2) Incentive earnings were paid only along with the monthly wages. 

(3) Due to frequent power failure, absence of skilled operators, and 
raw material shortage, the company was not in a position to provide the 
maximum amount of work on all days. But on those days when it could 
provide maximum work and the working was smooth, the workers’ efficiency 
could exceed 100 per cent although for the purpose of incentive payment 
there was a ceiling at 115 per cent. While on any individual day basis the 
ceiling was kept 15 per cent higher than 100 per cent, on a monthly basis 
the ceiling remained at a standard performance of 97 per cent which corres¬ 
ponded to an incentive earning of Rs. 8.00 per month. 

(4) If a worker was absent (with or without leave) no incentive was 
paid for that day. 

The company gave the following reasons for fixing the ceiling of 
efficiency at 115 per cent: 

(1) At efficiencies higher than 115 per cent the company feared that 
the quality of its products might suffer due to haste. The possi¬ 
bilities of machinery break-downs might also increase in such a case. 

(2) The management thought that haste might lead to injuries. 

Other Features of the Incentive Scheme 
Haridoss Chemical Company had jobs to be performed 
by both individuals as well as by groups, although most jobs were of the 
latter type. The sizes of the groups ranged between eight to thirty. In the 
case of individual operators and also in the case of groups whose output 
could be measured daily, performance percentage was calculated every 
day. The output of certain groups which could not be measured daily 
(e.g., in the processing sections) was assessed weekly or monthly. The 
company did not keep any record of the actual time taken by a group for a 
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particular job. The daily production reports originating from the concerned 
section were sent to the factory accounts department where the standard times 
for each of the jobs performed by a group were added together for any day 
to get the total standard time. This was then compared with the actual 
time (e.g., an eight-hour day). The calculation of incentives for one of the 
processing sections on a particular day is given in Exhibit 3. 

Though the ‘"delay allowances” permitted on a particular job were 
fixed during the initial job study, there were occasions when the industrial 
engineering department had to revise those allowances on a subsequent 
date. When a complaint was received from any sectional head that a 
particular job took more than the specified time because of an increase in 
the number of delays, the industrial engineer or his assistants measured 
the delay by work sampling or production studies, 1 and set a fresh standard 
giving necessary allowances. 

The first line supervisory and inspection staff on the plant were paid 
incentives at the same rates as the direct workers. Chemists and other 
administrative staff were not entitled to incentive earnings. 

Standard times, once set, were not changed unless there were changes 
in methods of operation, machinery, or conditions of working. In such 
cases, jobs were re-studied and fresh standard times were set. When a 
special job was put on the manufacturing or packing line for which no 
standards had been set previously, or when the industrial engineering 
department considered that standards did not have to be set immediately, 
the incentive earnings for the job were calculated on the basis of the average 
incentive earnings for the past 15 days on similar jobs which had standards. 
The monthly limit of Rs. 8.00 was also applicable to these situations. 

The number of indirect workers needed to maintain a given level of 
production in a section was determined from past experience. If more 
than this number were utilized, individual incentive earnings were propor¬ 
tionately reduced. For example, the section, manufacturing potassium 
permanganate was allotted five indirect workers. If it produced 12,930 
per cent of the product (97 per cent efficiency) in a particular month, those 
five workers would each receive Rs. 6.00 as their incentive wage for that 
month, if the department actually used the services of seven workers, 
then Rs. 30.00 (i.e., Rs. 6x5) would be shared among the seven. However, 
if, for some reason, the number of indirect workers working in the section 
was reduced below five, the incentive payment each man received was 
identical to what he would have got if five men had been employed. In 
other words, they were not paid a higher incentive wage. 

In determining the number of direct workers required for a group 
job such as in a packing line, the company balanced the line for optimum 


I. Continuous study covering several hours during a production shift. Such 
studies highlight the delays that might normally be missed while doing time studies. 


26(45-110/1970; 
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production. The standard production rate for the bottleneck operation was 
treated as the standard for the entire line, and the number of direct workers 
for each operation was determined accordingly. Exhibit 5 shows the 
method of balancing the line as used in the packing section. No incentive 
was paid if a product of inferior quality was produced, but the company 
did not penalize the workers in any other way. 

Starting in 1954, Haridoss Chemical Company progressively extended 
the incentive scheme to indirect workers. Early in 1961 the company 
included the maintenance staff. Late in 1962, upon a request from the 
employees’ union, the management extended the scheme's coverage to the 
workers who helped the chemists in the quality control laboratory. Unable 
to find a way of measuring their output, the management decided to treat 
these helpers as indirect workers and to pay them a miximum of Rs. 6.00 
per month as incentive. 

At the time Mr. Vincent was reviewing the scheme, the number of 
direct and indirect workers stood at 850 and 380 respectively. The average 
efficiency of the plant had gone up to about 97 per cent. Mr. Rathnaswami 
calculated plant efficiency as the ratio of the average monthly incentive 
earnings of direct workers (which was about Rs. 7.75) to the maximum 
incentive (Rs. 8.00). 

In December, the prevailing ranges of basic pay per month for different 
grades of workers were as follows: 

Percentage of workers in 
each category 


Unskilled workers 


Semi-skilled A 

Semi-skilled B 

Skilled A 

Skilled B 

.Skilled C 


Rs. 30.00- 50.00 
Rs. 35.00- 64.00 
Rs. 40.00- 69.00 
Rs. 41.00- 84.00 
Rs. 59.00-143.00 
Rs. 89.00-170.00 


Direct 
workers 
(per cent) 

80 

5 

5 

5 

3 

2 


Indirect 
workers 
{per cent) 


75 

10 

5 

5 

5 


100 100 


The average earnings of each category of workers was the mean of the scale. 

In 1960, management had negotiated with the union on the dearness 
allowance issue, and it had been agreed that 81 per cent of the dearness 
allowance paid to the textile workers in Coimbatore would be paid to the 
workers of Haridoss Chemical Company. On this basis the dearness allow¬ 
ance had been increased from Rs. 40 in 1960 to the present Rs. 80 for all of 
the grades mentioned above. In addition, the company paid an annual 
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bonus equivalent to three months’ basic pay to all its employees. Other 
monthly fringe benefits enjoyed by the workers as of December 1966 were: 


Rs. 

Increase in lime scale 1.50 

Provident fund 5.00 

E.S.I. contribution 0. 50 

Other benefits: 

Annual leave (monthly money value) 3.25 

Uniform and shoes (monthly money value) 6.00 

Free medicine (monthly money value) 1.75 


In order to assess the effect, if any, of the incentive scheme on absen¬ 
teeism, the rate at which workers abstained from work was calculated by the 
industrial engineering department for two sections during the past September. 
Although the workers were entitled to 37 days leave with pay in a year, 
most of the workers exhausted their leave before July of any year. The 
month of September was selected for study because absence at this time was 
usually for leave without pay. 



No. of man- 
days in 
month 

No. of 
man-days 
worked 

No. of man- 
days lost due 
to absenteeism 

Per¬ 

centage 

Section A 

772 

671 

101 

13 

Section B 

151 

134 

17 

11 


Although it had been stipulated originally that the indirect workers 
were to be paid only 75 per cent of the wage incentive earnings of the direct 
workers, many of the so-called indirect workers had begun to receive incen¬ 
tives at the rate of direct workers. Mr. Vincent explained that, in the case of 
emergency, the plant supervisors would place indirect workers on direct 
labour jobs in order to completing the production target. 

In December the canteen boys, watchmen and peons numbered 20, 

12 and 45 respectively. All were earning a basic wage of Rs. 40 per month. 

Mr. Vincent thought a review of the kind he had in mind should 
lead to a formulation of a sound incentive policy consistent with enhancing 
the productivity of the workers. He believed the following issues merited 
serious consideration: 

(a) Did the existing mechanics for calculating the incentive rate need 
any revision? 

(b) How should the different categories of employees be treated under 
the system? 

(c) Could incentive earnings be used as a measure of the level of 
productivity? 
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Exhibit 1 

HARIDOSS CHEMICAL COMPANY 
Sample Calculation of Standard Time 


department: Packing 


Operator No. F 

operation: Pack 6 cartons in 

jute paper and paste 2 

gum tapes. 


Date: February 2, 1964 

Element 

Observation 

Observed time • 



( Snap-back 



method) 



Mts. 

Pack 6 cartons in jute paper 

1 

1.08 

-do- 

2 

1.15 

-do- 

3 

1.20 

-do- 

4 

1.14 

-do- 

5 

1.22 

-do- 

.6 

1. 10 

(1) Average rate of working (adjustment rate) 

70 per cent 

(2) Average observed time 


1.15 mts. 

(3) Normal time (1) X (2) 


0 80 mts. 


Paste 2 gun tapes 
-do- 
-do- 
-do- 
-do- 
-do- 


1 0.31 mts. 

2 0.38 mts. 

3 0 37 mts. 

4 0 35 mts. 

5 0. 33 mts. 

6 0.40 mts. 


(4) Average rate of working 70 per cent 

(5) Average observed lime 0.36 mts. 

(6) Normal time (4)x(5) 0.25 mts. 

(7) Total normal time for the operation (3)+(6) 1.05 mts. 

(8) Allowance (15 per cent) 0.16 mts. 

(9) Standard lime (7)-J-(8) 1.21 mts. 
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Exhibit 2 

HARIDOSS CHEMICAL COMPANY 
Estimation of Wage Incentives to be Paid 


Number of direct workers in 1953 
Number of indirect workers in 1953 

Total wage bill for these workers per month Rs. 39,000 

Wages of direct workers -9,000 

Wages of indirect workers R s - 10*000 

Estimated increase in direct labour efficiency 22 per cent 


29,000x22 

Hence saving in direct labour cost = -— 


= Rs. 6,380 

'(This is based on the assumption that with the increased efficiency the labour 
force is not to be proportionally increased and hence there will be a saving 
in labour.) 

Share of direct workers from the saving 
Share of savings for each direct 
worker per month 


Share of indirect labour from the saving 
Share of each indirect labour per month 


=50%=Rs. 3,190 

8.05 or 

Rs. 8.00 approx. 
= l2i%=Rs. 797.5 
= Rs. 6.18 or 
Rs. 6.00 approx. 


Exhibit 3 

HARIDOSS CHEMICAL COMPANY 
Calculation of Daily Incentive Earnings in a Production Line 


Date: 







Shift: First 

Products 

Actual performance 

No. 

of 

hours 

Actual 
man - 
hrs. 

Standard performance Std. 

_ man - 

Produc¬ 

tion 

(units) 

No. of 
men 

Produc¬ 

tion 

(units) 

No. 
of men 

No. of hrs. 
std. 
hrs. 

A 

4,000 

25 

7.5 

187.5 

8,000 

25 

3.6 90.0 

B 

3,000 

25 

7.5 

187.5 

9,000 

25 

2.6 65.0 

C 

1,000 

— 

— 

— 

4,500 

25 

1.7 41.7 


Total 196.7 


Total standard trian-hours required for actual productions: 196.7 

Actual man-hours used: (25 X 7.5 hrs.) 

= 187.5 

_ . Standard man-hours required 

Labour efficiency: Actual man-hours used 

-&K»-'04' 5 

Incentive rale per man per clay 

Corresponding to an efficiency of 104.5 per cent (see Exhibit 4) 


j* =35 Paise. 


X100 
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Exhibit 4 

HARIDOSS CHEMICAL COMPANY 
Daily Incentive Rates 


Efficiency 

Percentage 

Incentive Earning 
(Paisc per day) 

Rounded offfor easier 
calculation 

75 

1 

0 

76 

2 

0 

77 

3 

5 

78 

4 

5 

79 

5 

5 

80 

7 

5 

81 

8 

10 

82 

9 

10 

83 

10 

10 

84 

11 

10 

85 

13 

15 

86 

14 

15 

87 

15 

15 

88 

16 

15 

89 

17 

15 

90 

19 

20 

91 

20 

20 

92 

21 

20 

93 

22 

20 

94 

23 

25 

95 

25 

25 

96 

26 

25 

97 

28 

30 

98 

29 

30 

99 

• 30 

30 

100 

31 

30 

101 

32 

30 

102 

33 

35 

103 

34 

35 

104 

35 

35 

105 

37 

35 

106 

38 

40 

107 

39 

40 

10S 

40 

40 

109 

41 

40 

110 

43 

45 

111 

44 

45 

112 

45 

45 

113 

46 

45 

114 

47 

45 

115 

49 

50 
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ABC TYRE COMPANY (C) 


In August 1964 the ABC Tyre Company was concerned 
with the establishment of incentives for their production jobs. The com¬ 
pany, a subsidiary of a major US tyre firm, had started its manufacturing 
operations six months before, in a brand new plant. 

The workers had been recruited from among the predominantly 
agricultural population around the factory site. Many were illiterate. 
They were selected on the basis of their willingness to work, general intelli¬ 
gence, and physical stamina, since tyre factory jobs generally required people 
of above average build and physical strength. 

The workers were trained on their jobs by a team of labour trainers 
brought to the plant from different plants of the parent company. The 
period of training was six months. At the end of six months, the trainers 
were quite satisfied about the performance of the trainees in doing their jobs. 

The wage rates for the hourly paid workers were established after an 
initial wage survey which examined industries in the area, wages of compe¬ 
titors in the country, and plants with products requiring similar manufactur¬ 
ing operations. The final wage rate determination reflected management's 
desire to pay wages as good as or even a little belter than those already 
prevailing in the area. The most important of the factors in setting the 
wage rates was the location of the plant, since the company did not want to 
upset local conditions by going too much higher than existing rates. 

It was the parent company's philosophy that as far as possible all 
jobs should be on an incentive basis. However, the management realised that 
the introduction of incentives had, of necessity, to be a phased programme. 

During the period of training, workers were paid on straight day 
wages. As various workers achieved proficiency, the industrial engineering 
department started studying their jobs. Since the methods of work already 
had been developed in other plants of the parent company, the present 
studies were primarily concerned with changes that were necessary to adapt 
to Indian conditions. 

The industrial engineers broke down the jobs into elements. Then 
using time study and MTM, they arrived at standard times which were used 
to establish standard work loads for each job. Eighty per cent of standard 
was set as the start of incentive rate. If a worker achieved 100 per cent 
standard, he received 120 per cent of his base hourly rate. At 80 per cent 
of standard he earned just the base rate. At 90 per cent of standard he 
earned 10 per cent above base rate. The company did not guarantee a 
base rate. If an individual worker was not able to come reasonably close 


408 



HUMAN ELEMENT OF PRODUCTION 


4C9 


Uo the standard, the company planned to transfer him to a department 
where wage incentives were not installed. To reduce the number of such 
situations, a man was put on an incentive basis only when his supervisor felt 
that he could meet the standards consistently. Earnings were watched very 
•closely to ensure that work was being done properly. Exhibit 1 shows 
how the individual incentive pay rates were calculated. 

One of the first crew operations selected to be put on the incentive 
basis was the Banbury mixer operation. This was a blending operation 
to prepare the stock which would be used for the tyre. The Banbury crew 
^consisted of 11 workers. 

They were: 


SI. 

No. 

Category 

No. of 
workers 

Main responsibilities 

I. 

Banbury operator 

l 

The Banbury operator was responsible 
for the operation of the controls of the 
machine and in general responsible for 
coordination of all activities and per¬ 
formance of the Banbury. 

2. 

Put-up men 

2 

Weigh all batch components—set all 
batches ready as per mixing programme. 

3. 

Service man 

• 1 

Transport all materials to put-up men. 
Assist in weighing. Bring materials like 
rubber, sulphur, carbon black, etc., from 
raw materials store. 

•4. 

Mill man 

1 

Main task is to unload the contents of 
the Banbury mill and place the pieces 
on the removal conveyor. 

:5. 

Cut and hang men 

4 

Take large pieces, cut into small pieces, 
and hang for cooling. 

•6. 

Lay down man 

1 

Move pieces from cooling conveyor 
to storage area. 

7. 

Safety man 

1 

Cut small pieces for laboratory test— 
mark batches suitably for storage. 


Total no. of operators 

ii 
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The batches for the Banbury mixer, varied in composition and with 
this change in composition, the mixing time also varied. Loading, unload¬ 
ing, and other manual work time remained constant, and no cleaning was 
involved. A list of the more common batch times is given below, along: 
with the relative frequencies for a recent typical month. 

Mixing Times (Machine Times) Per Batch for Different Mixes 

Mix type 

Minutes 

Frequency 

(per cent of batches) 

i 

1.70 

3 

2 

1.95 

10 

3 

2.20 

5 

4 

2.45 

2 

5 

2.70 • 

30 

6 

2.95 

10 

7 

3.20 

18 

8 

3.45 

8 

9 

3.70 

5 

10 

3.95 

5 

11 

4.20 

2 

12 

4.70 

2 


100 


In all these batch cycles, the standard time for loading the Banbury 
mixer was 0.70 minutes. Half that time was required for unloading. These 
times had been estimated by observations. The mix of the different batches, 
differed from day to day, depending on the production programme. 

The Banbury mixer worked all three shifts. Each shift worked eight 
hours including a half an hour lunch break. A charge consisted of 170 kgs. 
of material. The components for the batches consisted of rubber (natural’ 
and synthetic), sulphur, carbon black and a number of different chemical 
compounds. 

Based on the factors of (1) job strenuousness, (2) job skill, (3) job- 
hazards, and (4) responsibility, the industrial engineering had recommended 
the following hourly wage rates for the operators of the Banbury mixer. 


Banbury operator 
Put-up men 
Mill man 
Safety man 
Cut and hang men 
Lay down man 
Service man 


Re. 0.98 per hour 
0.89 
0.86 
0.82 
0.81 
0.81 
0.81 
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Exhibit 1 

ABC TYRE COMPANY (C) 

Method of Calculation of Incentive Wages on Individual Operations 


operation: Type Building 

Operator category 
Base rate 

Standard time for operation 
Incentive rate per std. hr. 
Rate per piece 


Banbury operator 
Re. 0.98 per hour 
25 minutes 

Re. 0.98 X 120 per cent =1.176 
Allowed std. time X incentive rate 

-§*'•« 

= Re. 0.49 per unit 
Number of units X Re. 0.49 


Daily wage 




BENGAL FOUNDRIES (B) 


In November 1963, when the figures for the completion 
of Bengal Foundry's first year of operations were available, Mr. Bancrjee, 
the managing director and Mr. Bose, the foundry manager, decided to review 
the past year's results. One of the subjects under discussion was the future 
of the incentive method of payment which they had devised and applied to 
several of the foundry's tasks. 

Background 

Bengal Foundry (BF), located in an industrial estate in 
West Bengal, had been established to supply the casting needs of a sister 
firm, Bengal Pumps (BP). Originally, it was intended that BF would seek 
no outside work, and that its full output would be used by BP. However, 
it soon became apparent that BP's production forecasts had been overly 
optimistic (see Exhibit 1), and by the end of the first year of BF's opera¬ 
tion, nine months’ sales to BP were only one-third of what was originally 
anticipated, and less than 20 per cent of BF's potential ouput. (see Exhi¬ 
bit 2). As a result, BF had been forced to find outside customers to bring 
its operating level up to a point where it was profitable. In spite of BP's 
•difficulties, BF’s management considered the first year to have been very 
successful. 

For its castings BF had three customers (excluding BP), all of whom 
were located near BF’s plant. Two of these, LMM and A1 (see Exhibit 2) 
had their own foundry operations. LMM used approximately 100 tons 
of castings per month and although its foundry was much larger than BF's, 
it had been turning out only 35 tons monthly. However, after studying 
BF’s operations, LMM had given its workers an ultimatum to increase 
production substantially, or risk the closing of the foundry. In October 
after the company carried out its threat and closed operations, labour had 
capitulated. When LMM reopened its foundry, production immediately 
jumped to 60 tons. In Mr. Banerjee's opinion, LMM’s productivity would 
continue to increase steadily. BF had only a one-year contract with LMM. 

AT and CS had given their entire casting business to BF (CS on a 
one-year contract, and AL on an “as needed” basis). A1 had just set up 
its own foundry operations but it had not yet gone into production. 
Although there were many small industries in the area, few had casting 
requirements the size of either LMM or AI, and most of the large firms 
had long standing arrangements with Calcutta Foundries (CF) to supply 
all of their needs. 
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Prior to BF's establishment, only one major foundry had been set up 
in the city. This was LMM's foundry. It had been plagued by labour 
troubles and poor management. The numerous small operations in the area 
were not very efficient and their quality was poor. Consequently, most of 
the city's casting needs were met by CF. However, Mr. Banerjee indicated 
that heavy booking by the Calcutta firms had resulted in very poor service 
to the smaller casting users. Before BF’s establishment, each of skilled 
foundry labour, and the general belief (reinforced by LMM’s experience) 
that it would be impossible to compete with Calcutta firms had discouraged 
the setting up of local foundry operations. 


The Labour Problem 

Mr. Banerjee and Mr. Bose (both recruited from LMM) 
had started by training unskilled labourers. They had built up BF’s produc¬ 
tion level, reduced its costs, and trained the labour force so quickly that the 
company soon attained a widespread reputation as a model foundry. This 
stimulated interest in foundry operations in the area and resulted in the esta¬ 
blishment of a number of new operations (including AI's foundry), and the 
improvement of LMM’s foundry. Mr. Banerjee and Mr. Bose were very 
worried about the effect of these developments on BF's ability to get outside 
business. With trained foundry labour so scarce, they were also concerned 
about losing some of their own employees who might obtain supervisory 
positions in other firms. They thought they had exactly the number of 
employees they needed to operate at full capacity (30 tons per month), and 
believed it would be difficult to get suitable replacements. They did not 
want to hire, train, and carry extra labour on the payroll. 


The Raw Materials Problem 

Along with the problems of labour recruitment, training 
and retention, Mr. Banerjee had one other major area of difficulty. The 
foundry required approximately 35 tons of iron, and 11 tons of coke per 
month to maintain operations at a full capacity level. However, in 1963 
it had received a quota of only 70 tons of iron per quarter, and six wagon¬ 
loads of coke for the year (approximately 13 tons of usable coke per wagon). 
Although iron was frequently available on the “open” market at a premium 
of Rs. 130 (controlled price was Rs. 280 per ton), coke was often unavailable 
at any premium that BF was willing to pay. Since BF had been expanding 
very gradually, it had not been critical until September 1963. However, 
Mr. Banerjee foresaw major difficulties in the near future. In addition, 
delivery had been very sporadic, and Mr. Banerjee knew that deliveries to his 
locality were frequently delayed by as much as eight months. In the case of 
coke, it had not been unusual for a wagon-load to “disappear” before it 
reached its destination. BF had already suffered one such loss. 
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History of Incentive System 

When BF started operations, all employees had been 
hired on a probationary basis. They were classified “unskilled”, and were 
paid a daily wage of Rs. 1.50. The company had no incentive payment 
plan. Shortly after production was begun, during the middle of the steel 
shortage created by the national emergency, BF received a shipment of 
10 tons of scrap iron as part of its quota. The chunks were too large to be 
usable, and had to be broken up. This was heavy manual work and few 
of BF's employees were willing to do the job and most workers strongly 
resisted assignment to this task. BF, therefore, approached an outside 
firm to do the job. When BF’s employees heard that the work was being 
given out, they offered to do it themselves at a competitive price, and on 
their own time. Mr. Banerjee indicated that he would be willing to 
consider the request, but only if the workers offered a; lower price. 
This they did, and a bargain was struck. This was the beginning of the 
idea which Mr. Banerjee and Mr. Bose later developed into an incentive 
system. 

The next stage of development involved special arrangements for 
knockout work. Knockout work was one of the most fatiguing jobs in the 
foundry. The removal of the castings from the mould boxes and the sand 
from the castings entailed a great deal of lifting. Mr. Bose declared that 
for every ton of castings produced, 100 tons of lifting were involved some¬ 
where in the foundry, and that the greatest part of this lifting was done in 
the knockout operation. BF had found it increasingly difficult to complete 
its knockout work in the course of the normal working day. This work 
had to be finished quickly so that the feltlers could start on the casting as 
soon as possible. 

The fettling operation involved the removal of runners and risers and 
the excess metal from the castings. Almost all of the fettling work was 
done manually through files, cold chisels and a small amount of grinding. 
The feltlers were also responsible for a rough final inspection of the finished 
castings. 

In an attempt to speed up the job, BF decided to offer an overtime 
premium for workers who stayed late after pouring and helped with the 
knockout work. (Pouring took place twice a week and except for the 
fettlers, everyone in the plant stopped all other work to help.) This premium 
consisted of a day’s pay for four hours of overtime work. In addition, each 
man received five bananas to enable him to work straight through to the 
completion of the task without having to stop and go home for dinner. 
BF made the overtime work even more attractive by paying the men for the 
overtime as soon as the inspection was completed. About 25 workers usually 
volunteered. They took the full four-hour overtime period to complete 
the job. 

After BF had been in operation for six months (dating from Septem- 
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'bcr, 1962), a large number of the workers were “promoted” to the “skilled” 
•category. This entailed little more than recognition of proficiency, as no 
pay changes would be made until the end of the first year of employment 
when the employees became permanent. It was intended to raise the 
'•‘skilled” rale to Rs. 3.00 per day in September, 1963. Immediately after 
(he “skilled” designations were made, BF noticed a sudden decline in the 
number of workers who volunteered for the tedious knockout work. 
Mr. Banerjee thought that the workers believed it was beneath the dignity 
•of skilled workmen to do such arduous work. He was forced to look 
for outside, part-time employees to supplement the volunteers from his 
•own work force. Because of the nature of the job, it was difficult to 
.attract outside people, and the only persons he could get were those 
who were desperate for money. As soon as such people had earned the 
•amount required for their bare necessities, they would leave, returning 
.again a few days later when their funds were exhausted. Raising the 
wage rate to Rs. 1.75 just made them leave sooner, and resulted in 
increased absenteeism and decreasing production. The situation began to 
get critical. 

At this point Mr. Banerjee decided to see if the contract idea which 
had been successfully used on the breaking up of the scrap iron would work 
with the knock-out task. Accordingly, the employees were approached 
lo see if such an arrangement might be of interest. Ten people said they 
would like to take the job. After negotiations, a figure of Rs. 30 per 
job was agreed upon. A job consisted of all the knock-out work for an entire 
day’s pouring. The work was to be completed in time to ensure that the 
fettlers were always busy, and the men were to supervise themselves (thereby 
eliminating the need for paying overtime to one of its Rs. 120 a month 
supervisors). Payment was to be made on the day following completion 
of the entire job. The five-banana deal was continued. 

The net result, according to Mr. Banerjee, was “amazing.” All of 
the work was completed within a three-hour period. Mr. Banerjee said 
he did not think it was because the previous workers had been lazy. He 
believed that the contracting arrangement made the workers “work harder.” 
They reacted as if they were running their own business, and the 
•quicker they finished, the quicker they got home. Mr. Banerjee said that 
his knock-out costs were lower than those of other foundries, the work 
was completed more quickly, and everyone seemed happier. There had 
been no noticeable increase in the damaged casting rate under the new 
agreement, although quality had never been a problem in the knock-out 
process. 

The negotiations to establish the knock-out rate had been based upon 
prior experience, taking into consideration the number of people that pre¬ 
viously had been required, the amount of time it normally had taken, etc. 
Mr. Banerjee said he realized that these “contractors” were earning almost 
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double ihc daily knock-out wage, for only one-third of the time input, but 
because he believed that they were working much harder than he had expect¬ 
ed, and because he was happy with his cost relationship (he had thought 
the costs low even when he had 25 people doing the work), he had no- 
intention of re-negotiating the contract. After almost six months, the 
arrangement still was working very well. 

Shortly after he had instituted the knock-out plan, Mr. Banerjcc 
applied the contract idea to another situation. Coke was dumped in a big 
pile by the side of the foundry building. It had to be carried up to the top 
of a weighing platform to be loaded into the cupola. Accordingly, burlap’ 
bags were filled, each with 30 kg. of coke (taken from the pile), and these 
were carried up to the top of the platform. Approximately 70 bags were 
required for each melt. It had taken four employees four hours on overtime 
pay (twice the final rate) to complete the job. Mr. Bose negotiated a con¬ 
tract with three of the company's women employees at a rale of four paise 
per bag. Once they had begun, they spent less than an hour before and 
an hour after work on each of the two non-melting days to complete the 
job. This contract had been working successfully for several months; 
and Mr. Bancrjce found that he could always count on the work being 
finished on time. 

In June and July, when the foundry production increased substantially,, 
a problem developed in the fettling operation. It had been a constant 
struggle to keep the fettling output even with casting production. As. 
production levels increased, the fettlers were no longer able to keep pace, 
and castings began piling up. Mr. Bose and Mr. Bancrjec decided to try 
another application* of their contract idea—this time to a job that was 
performed as part of the normal day's work (all previous applications had 
been to tasks which had been performed on over-lime and had been re¬ 
garded as separate from the regular day’s work). 

According to Mr. Banerjce, before the introduction of the incentive,. 
BF’s cost of fettling was slightly below average for the industry. From 
his own experience and from the industry statistics available, Mr. Banerjcc: 
decided what he thought a day’s fettling output of a particular casting should 
be. He then set a time standard for each type of casting and offered the- 
fettlers the following arrangement. After every melt, the total standard 
time to complete the fettling job would be calculated. Then three days, 
worth of time would be subtracted from the total amount of work to be done 
and the remainder would be contracted to the fettlers at a fixed figure (which 
was equivalent to approximately 50 per cent of BF's previous fettling, 
cost). All the work would have to be finished within three days (before- 
the next melt) without supervision. If there were any defects in the 
fettling job, the group would have to make good the rejects on their 
own time (this provision applied to both the contract and the non-contract 
work). 
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A contract rate was actually negotiated for each type of casting. It 
varied according to the complexity of the item. Rates for new jobs were 
to be negotiated but the rates for repetitive work were to remain fixed. 
The men were to receive the usual banana allotment when they stayed late, 
and they would be paid immediately after the entire job was completed. 
Both Mr. Bose and Mr. Banerjce thought that the standards were satis¬ 
factory. 

Once again, the net result showed that costs of fettling had been reduced 
far below the industry standards. The workers increased their earnings 
by approximately Rs. 3 50 per day for four hours of extra work, and the 
customer reject rate actually dropped substantially. Whereas eight men 
had been used for fettling in January, by September only four were required 
to keep up with the work, and four men had been freed for other duties. 
In addition, this arrangement enabled the supervisor who had been in 
charge of fettling and core-making to devote his full time to the core-making 
operation which now seemed to be the major bottleneck. 

Another advantage of the system was the decrease in absenteeism. 
Mr. Banerjee cited a recent example of one of the fettlers who had to take a 
day’s personal leave. The day before he came in to ask if he could remain 
in the plant all night to complete his work so that he could make sure it 
was finished on time. Mr. Banerjee said that the worker normally would 
have absented himself without giving prior notice. 

Unlike most of the companies located in the industrial estate, BF had 
no union, in spite of the fact that union activity was very high in the area. 
Mr. Banerjee attributed this to several factors. One was that there were 
no large foundries in the area, and, as a result, foundry operations had not 
received much union attention. A second reason in the case of BF was the 
high wages that the employees were taking home. Furthermore, both 
Mr. Bose and Mr. Banerjee maintained an “open door” policy with the 
employees whereby the workers were free to come in and discuss their 
problems at any time. Mr. Banerjee believed that the workers were 
“happy,” and he pointed to the fact that none of the employees who 
had joined the company in September, 1962 had left for other positions. 
Furrhermore, most of the workers were asking that they too be put on 
incentives. 

In November, 1962, shortly after the company started, one of the new 
employees had begun to agitate for a union. Investigation revealed that 
he had been “planted” by the union specifically for that purpose. He soon 
caused major disruption of the foundry’s operations and had been dismissed. 
Since that time, no further attempts to unionise the workers had been 
made. 

Mr. Banerjee and Mr. Bose were seriously considering the possibility 
of extending the incentive plan to the moulding and core-making operations. 
Core-making was performed by hand, by 17 employees, and had become 
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a major bottleneck. In addition, the quality of the work left much to be 
desired, and quality in this department was critical to operations. With 
several new foundries opening up in an area in which a shortage of trained 
foundry workers already existed, Mr. Banerjee was worried about his future 
output. He believed that his experiments with the incentive plan had 
been successful. However, he thought that if he applied the contract 
idea to moulding and core-making, he might be committed to an irreversible 
path. If the “future were not so uncertain.” he would not have hesitated 
over the decision, but under the circumstances, he thought it merited further 
consideration. 


Exhibit 1 (a) 

BENGAL FOUNDRIES (B) 

BP’s Estimates of Pump Production (Average units per month) 



For month 

For month 

For year 

For year 


of 

Of 

of 

Of 


Sept., 1963 

Dec., 1963 

1964 

1965 

Original schedule* 
Revised schedule 

300(18)** 

300(18) 

500(30) 

500(30) 

(September 1963) 

80 

150 (9) 

250(15) 

500(30) 


♦Although production was licensed for 3,000 units through 1963, and 5,000per 
year thereafter, planning was conducted on the basis of a 10-month year. This was an 
attempt to be on the conservative side, since it was thought that the big problem would 
always be reaching the production goal, not overshooting it. 

♦♦ Figures in brackets show metric tons of castings required. 


Exhibit 1 (b) 

Mr. Banerjee’s Estimates of a “Realistic” Schedule 
for Pump Production (Sept., 1963) 

Dec., 1963 1964 1965 ' 

Average production per month 150 200 3,000 
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Exhibit 2 

BENGAL FOUNDRIES (B) 
Rated Capacity : 30 Tons Per Month 


Actual Production 




Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July Aug. 

Sep. 

Total 

Acceptable 
castings (tons) 


14 

17 

14 

11 

15 

24 

24 

23 

31 

173 






Sales ( Rs. 1,000) 





Customer 


Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Total 

B.P. 

- 

6.9 

6.9 

4.5 

5.8 

1.3 

7.5 

1.6 

12.8 

8.7 

68.0 

L.M.M. 


6.8 

6.7 

8.8 

3.8 

12.0 

10.0 

14.9 

22.4 

28.0 113.8 

A.I. 


3.8 

3.1 

5.4 

5.0 

3.1 

2.6 

2.2 

2.5 

2.2 

29.9 

C.S. 


1.0 

1.8 

1.0 

0.7 

0.3 

1.3 

0.5 

1.3 

0.5 

8.4 

TOTAL* 


18.6 

18.5 

19.6 

15.3 

22.3 

21.6 

25.3 

39.0 

39.4 220.1 


* Totals may differ from sums of columns due to rounding off of numbers. 
note : Dale of review was November, 1963, covering the period from September, 
1962-Seplcmber, 63. Though all of the foundry’s equipment was received in September 
1962, it did not actually start production until January, 1963. 














RAMAMURTY EQUIPMENT COMPANY (PVT.) LTD. 


The Ramamurty Equipment Co., located in a large city 
in South India, specialised in the manufacture of several varieties of large 
industrial mixing machines. It was one of the major suppliers of such 
equipment to public and private sector chemical plants in its own and 
surrounding states. Although operations were at a level considerably 
below capacity, sales had been growing steadily since the company’s for¬ 
mation in 1957, and presently exceeded Rs. 4,00,000. The firm employed 
approximately 90 workers. 

Mr. D.K. Ramamurty, the owner and managing director, was worried 
about his indirect expense and overheads, which he believed to be unneces¬ 
sarily high. In 1962 he decided to ask a group of small industry specialists 
to survey his operations and make suggestions for improvement. Worker 
productivity was one of the areas which received a great deal of attention 
from the group. 

The company was divided into seven departments: the office, the 
machine shop, the sheet metal department, the assembly area, the foundry, 
stores, and the fitting department. A one-month study of the men working 
in the machine shop, assembly, sheet metal and fitting departments (exclu¬ 
ding casual labour) revealed an activity pattern as shown in Exhibit 1. 
All employment records kept during the previous year were examined for 
these departments, and from these, a turnover rate of 78.7 percent was 
computed (see Exhibit 2). Exhibits 3 and 4 present more detailed figures 
on the labour turnover. Company records listed only the employee’s 
name, his local address, his salary, and the dates of his joining or 
departure. 

The study group was alarmed by the higher turnover rate. Their 
estimate of the resultant cost to the company was Rs. 30,800 (see Exhibit 5). 
In addition to the calculated figure, they stated that the intangible costs 
of hiring, and the accompanying paper work had to be added to give 
a true estimate. Although employee turnover was not the primary focus 
of their examination, they believed it to be a problem area that required 
immediate attention. In a report to management they stated, “this brings 
low morale, high costs, and reduced productivity per man-year.” The 
labour turnover costs manifest themselves in a loss of output due to delay 
in obtaining new labour and losses due to the comparative inefficiencies 
of the new workers which result in longer operation time, more frequent 
breakdowns, increased accident rates, losses due to scrap and defective 
work, greater demands on supervisory time, and more idle capacity, etc. 
Although company records were not complete enough to allow quanti- 
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fication of any of the above, they recommended the following corrective 
action. 

1. recruitment. Since a high number of separatees left within 
one month of joining, they suggested that the company take 
steps to improve its method of recruitment and that it make 
greater effort to place the proper people in the right jobs and to 
secure people who would be more apt to stay. 

2. wages. They thought that Ramamurty’s wages were below 
the prevailing local rates for similar local companies. The 
average skilled labourer in the region earned Rs. 4.50 per day, 
and unskilled earned approximately Rs. 2. Although the range 
paid at Ramamurty was considerable (Rs. 1.50 to Rs. 4.50), 
they believed Ramamurty’s average to be low. 

3. They found the plant to be very sloppy, and poorly lit and suggested 
several improvements in working conditions. 

4. They suggested that steps should be taken to improve manage¬ 
ment-worker communications. In their opinion, major changes 
affecting the workers frequently without the employees’ prior 
knowledge. They believed that many of these changes would 
have seemed arbitrary and unfair to the workers unless the 
reasons for the changes had been explained in advance. In 
addition, they thought that management should share with the 
workers some of the financial gains resulting from these 
changes. 

The remainder of the material contained in this case was obtained 
by the casewriter from discussions with Mr. Ramamurty and company 
employees. 

In the month prior to the casewriter’s visit, the Ramamurty Equipment 
Company had been unionised. This came as quite a surprise to Mr. 
Ramamurty. He believed that he had always treated his workers fairly, 
and, therefore, did not see any need for an “outside influence” to come 
between him and his employees, nor did he know of any reason why the 
workers might have desired the union. He attributed this new development 
primarily to the militancy and expansionist ideas of the union which had 
“forced itself on the workers,” and not to any discontentment on the part 
of his workforce. The union had been growing rapidly in the area, often 
resorting to long and costly strikes and boycotts to gain recognition. 

Mr. Ramamurty said the company had had an active works committee 
prior to the union’s arrival (it had been dissolved when the union came in). 
The committee met frequently and there were very few expressions of dis¬ 
satisfaction. The topics discussed were usually minor grievances concern¬ 
ing working conditions. As an example, he mentioned an incident in which 
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the men complained about the way they received their morning and after¬ 
noon tea (supplied by the company). Two men usually carried a large pot 
of tea around the shop to the workplaces serving the workers as they 
continued their tasks. As a result, the last men to be served had to drink 
cold tea. This complaint was brought up in the works committee. A few 
days later, Mr. Ramamurty reduced the lunch period from 1 hour to 
40 minutes,, and gave two ten minute tea breaks during the day, so that, at 
a fixed time, all employees could go to one location and have hot tea. He 
stated that the system seemed to be working quite well and that everyone 
appeared to be happy with his decision. Mr. Ramamurty said that labour 
was readily available, and hiring new people offered no difficulties. He 
believed that his firm paid wages which were comparable with the average 
for firms of Ramamurty’s size. However, he believed that several new big 
firms in the area had reputations for paying very high salaries, although he 
did not think that this was really true, except in the case of very skilled 
persons. He believed that the new shiny plants and the plants and the 
extra employee benefits provided, built up an image in the minds of the 
local workers, and that the attributed salaries were a result of the image, 
and not of facts. 

Since most of Ramamurty’s workers lived close to the factory, 
Mr. Ramamurty stated that his workers were better off with him than 
they would have been if they worked in the big firms, since these companies 
were located on the opposite side of town and the workers would have 
had to spend a lot of time and money trevelling back and forth to the 
job. 

Mr. Ramamurty said that, in accordance with the small industry 
group’s recommendations, he was taking steps to clean up the shop, to 
provide better working conditions and to permit control over what the 
workers had or had not done. Ramamurty worked a six-day week, nine 
hours a day (including lunch and other breaks). Except for four or 
five machinists who worked a second shift, all work was done in first 
shift. 

Of the company’s 90 employees, 45 were permanent and on the 
monthly pay roll. Thirty were temporary and were paid weekly, and 15 
were casual labourers, paid on a daily basis. Of the total, 28 were classi¬ 
fied as skilled and the rest as semi or unskilled. Six earned between 
Rs. 120-130 per month (including dearness allowance), 20 earned Rs. 90- 
100, and the remainder were below Rs. 90. The minimum wage for the 
monthly and weekly personnel was Rs. 1.50 per day. Casual employees were 
paid between Re. 1 and Rs. 1.50. Mr. Ramamurty said that in the near 
future, the state would probably pass a minimum fair wage of Rs. 65 per 
month, all inclusive, for all permanent employees. He would not be 
affected by this, since all of his permanent employees’ earnings were 
above this figure. 
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The company offered the following benefits: It provided subsidised 
lunches which cost approximately 50 Paise per meal to prepare. Men 
earning between Rs. 1.50 and Rs. 2 50 per day received their lunches free. 
Those earning above Rs. 2.50 paid 25 Paise. The company provided 
earned leave at the rate of one day for every 20 days worked. This included 
both vacation and casual leave. The employees were also covered by the 
Employees State Insurance Act. Dearness allowance was paid according 
to a commonly accepted formula in the area, and was linked to a cost-of- 
living index. 

Mr. Ramamurty said that jobs were usually filled in one of two ways. 
Either, one of his employees would bring a friend, or someone would hear 
about an opening through the grape-vine and show up at the gate. In 
only a few instances had it been necessary to advertise in the local papers. 
When a man applied for a job, he was immediately put to work and at the 
end of the day, after observing his performance, the supervisor concerned 
would make his recommendations to Mr. Ramamurty as to whether or 
not the man should be retained. If he was to be kept, Mr. Ramamurty 
would set the man’s salary at that time. Thereafter, the employee’s salary 
would be revised as merited. Mr. Ramamurty felt that some improvement 
in the procedure could be made by getting more information about the 
man. He especially wanted to know the man’s marital status as he helt 
that he should not hire bachelors in the future, since “they do not have 
the responsibilities of familymen.” Though he had no figures on past 
employees, he was sure that “most of the people who had left must have 
been bachelors.” 

Mr. Ramamurty thought it took approximately one week for an 
unskilled worker to completely learn his job and approximately two weeks 
for a skilled man. He was planning to give greater emphasis to this break- 
in period. 

When asked about the high turnover rate, Mr. Ramamurty said that 
it was just one of the characteristics of the local worker, and was a fact 
of life that had to be lived with. He said that most of his workers came 
from nearby villages, that there was frequent sickness in their large family 
groups, and that they often had to go home to help out. The villages were 
far enough away so that the men could not live there while working, but 
were close enough so that they would not hesitate to return for “minor” 
reasons. Also, the workers’ low standards of living led to frequent ill¬ 
nesses, and they often went back to their villages to recuperate. Harvesting 
of crops, weddings, etc., also took a large number of men away from their 
jobs. Mr. Ramamurty believed this to be the prime cause of high absen¬ 
teeism and high employee turnover. 

To prove his point he went through the previous year’s employment 
records and showed the casewriter that of the 29 men with more than one 
month’s service who had left during the period, eight were now back in 
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his employ. He said, “people just come and go as they please.” He also 
stated that almost every case involved personal illness; however, in most 
cases he learned the reason for a man’s absence only through workmen who 
were friends of the absentee. In the previous year, only three or four of 
the departees had announced that they were leaving before they actually 
left, and only one had actually applied for his benefits under the Employees 
State Insurance Act. Mr. Ramamurty attributed the former to a lack 
of a sense of responsibility on the part of the workmen and the latter to 
ignorance about the benefits to which the employee was entitled. 

Mr. Ramamurty agreed to allow the casewritcr to interview the 
employees who had left and then returned. Although management was 
asked to allow the interviews to take place in private, each man was accom¬ 
panied by his immediate supervisor. In every case it was evident that both 
the man and the supervisor felt uncomfortable. As a result, only 
three interviews were conducted, and these were kept very brief and non- 
controversial. More than half the interview time was spent in explaining 
the purpose of the interview and trying to reassure all concerned. The 
interviews revealed the following:— 

employee 1. Skilled, Salary Rs. 75 per month 
Left due to sickness (unknown) 

He was gone 6 months. 

During that time he did not work and remained in the 
village. 

He believed that employees of the big companies doing 
the same work earned between Rs. I00-120. 1 

employee 2. Unskilled, Salary Rs. 60 per month 
Left due to sickness (high fever) 

He was gone 3 months. 

Stayed in his village and did no work. 

Found his working conditions okay and did not know 
how his salary compared with that paid for similar jobs 
in other firms. 

employee 3. Semi-skilled, Salary Rs. 65 per month plus an annual 
increment of Rs. 5. 

Left due to sickness (typhoid) 

Hired 2\ years ago at Rs. 1.75 per day 
Likes working here. Working conditions okay. 


1. During the course of this interview, the second man and his supervisor walked 
into the room. The two supervisors began to talk near the door and it was possible to 
discuss this last question in some privacy. 
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Exhibit 1 

Activity Pattern—Machine Shop, Assembly, Sheet Metal 
and Fitting Department Employees 


Activity 


Percentage 
of time spent 


Direct productive 

52.50 

Indirect productive, avoidable* 

9.15 

Indirect productive, unavoidable** 

13.45 

Idle time*** 

17.20 

Absenteeism 

8 00 


100.00 


* Includes time to correct excessive errors, excessive set-up time, extra time due 
to use of improper tools or materials, etc. 

** Includes normal set-up times, rest-room trips for the employee, time lost due 
to machine breakdowns, etc. 

*** Includes time spent waiting for tools, materials, or instructions. 


Exhibit 2 

Computation of Labour Turnover Rate (Prior Year) 


L+R 

2 

Labour turnover = —— x 100 per cent 
2 


where 


L = Number of workers who left during the period (45) 
R = Number of workers joining during the period (51) 

B = Total number of workers at the beginning of the 
period (58) 

E = Total number of workers at the end of the period 


(64) 


45+51 

2 

58+64 

2 


X 100 per cent =^jX 100 per cent 


= 78.7 per cent 
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Exhibit 3 

Distribution of Workers Who Left During Previous Year: 
According to Length of Service 


Service (months) 

Number of people 

Percentage 

0-1 

16 

35.55 

1-3 

6 

13.33 

3-6 

4 

8.89 

6-12 

4 

8.89 

More than 12 

15 

33.34 

Total 

~45~ 

100.00 


Exhibit 4 


Distribution of Workers Who Left During Previous Year: 


According to Nature of Job 


Job classification 

Number of people 

Percentage 

Skilled 

36 

80.00 

Unskilled 

9 

20.00 

Total 

~45 

100.00 


Exhibit 5 

Computation of Cost of Labour Turnover 

1. On an average, it takes 4 months (100 working days) for a new 
employee to reach 100 per cent of the efficiency of the average long-term 
employee. 

2. During this period, the new man’s average efficiency is 50 per cent. 

3. Assume an average wage of Rs. 3 per day. 

4. Ramamurty’s ratio of the value of finished products to its total 
payroll is 5.7:1. 

A. Non-productive wages of each employee 
during break-in period*: 

B. Value of output lost per employee due 
to non-productive time 

C. Number of workers left during the year 

D. Total loss of output during the year 

E. Less 20 percent (the normal turnover 
rate for the industry) 

F. Net loss in output due to EXCESSIVE 

turnover Rs. 30,780 

* 100 days break-in period, during which time the employee cams Rs. 3 per day, 
50% of which (Rs. 1.50) is non-productive. 


100x1.50= Rs. 150 

150x5.7=Rs. 855 
45 

45x855=Rs. 38,475 
Rs. 7,695 
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Case Studies for Part Nine 


MALKANI AND COMPANY (A) 


In February 1967, Mr. Malkani and Mr. Sen (see Exhibit I 
for an organization chart) were discussing Mr. Sen’s proposal to purchase 
five new 3' lathes. Two months earlier, Mr. Malkani had attended a 
conference on laboratory testing methods. His discussions with potential 
customers led him to believe that Malkani and Company could double its 
sales within a year if proper promotional activities were initiated. Accord¬ 
ingly, he had asked Mr. Sen to analyze the plant capacity with a view 
towards doubling production. 

Company History 

Malkani and Company (MC) manufactured an optical 
testing device and small accessories for chemical testing laboratories. It had 
begun business in 1961, assembling testers, manufacturing only a limited 
number of parts, and purchasing the majority. During the company’s 
first year of operation, it produced and sold 150 units. In 1966 the corres¬ 
ponding figure was 1,000, and MC was manufacturing most of the tester’s 
components. In addition, the firm had expanded its line to include small, 
related laboratory supplies and this business now accounted for 10 per cent 
of sales revenues. Most of the company’s customers were public sector firms, 
government testing laboratories, and colleges. 

MC Tester 

MC’s tester was produced in only one model. Basically, 
the instrument consisted of a fine lens system, a lighting system, and pre¬ 
cision focusing and measuring devices. It was equipped to receive numerous 
attachments, and its lens system was removable and interchangeable with 
other lenses available in the market (none of which were made or sold by 
MC). The instrument contained approximately 80 different types of com¬ 
ponents (approximately 150 distinct parts), most of which were'made 
from brass, aluminium, or gun metal. Approximately 20 parts were pur¬ 
chased. The lenses and the wiring for the lighting system were the only 
purchased items of major value. Of the components manufactured by MC, 
43 required machining in the machine shop (see Exhibit 2.) The remainder 
required cutting, drilling, bending, or grinding, all of which were performed 
in the sub-assembly department. 
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Market 

MC received its greatest number of orders between Novem¬ 
ber and February, resulting in peak deliveries during the months of December 
through March. Mr. Malkani attributed this seasonality to the fact that 
most of the government organizations which purchsased from MC had fiscal 
years running from April to March. He said that the money was generally 
budgeted very carefully during the beginning of the year, often resulting 
in “under-expenditure.” Since surplus funds could not be carried over into 
the following budget period, expenditures generally increased sharply during 
the last quarter, so that the organizations took advantage of all of their 
available funds. 

MC had dealers in the five cities which it thought offered the greatest 
sales potential for its products. These dealers sent orders to the sales 
department as they were received. Typically, orders were for 10 or fewer 
units, and requests for single testers were not unusual. Delivery on 
orders of less than 100 units was usually promised within one month’s 
time. Occasionally, orders of 100 units or more were received. These 
were promised at a rate of 100 per month. Delivery was usually made 
by rail, and the cost of freight and insurance was included in the sales 
price. When a dealer requested rapid delivery, truck service was used, 
and an additional charge, equivalent to the difference between the rail 
and the truck transport cost, was added. The sales department tried to 
keep a two-weeks’ supply of finished goods in stock. 

There were approximately 30 firms in competition with MC, and 
although MC’s prices were among the highest, its sales had been growing 
steadily. Mr. Malkani attributed this to the stress his firm placed on 
quality in the manufacturing process and the high quality of the optics 
that were used. 


Scheduling 

All orders received by the sales department were forward¬ 
ed to Mr. Sethi, the planning officer, for scheduling through the depart¬ 
ments. The one-month delivery date was quoted on the basis of: one week 
from the time the order was received to the time production began; two 
weeks for manufacture; and one week for shipping. In each of the months 
of December through March, production was usually scheduled at an aver¬ 
age of 15 per cent of yearly production, to keep up with incoming orders. 

Production of testers was usually scheduled in lots of six. Mr. Sethi 
explained that, when the firm began operation in 1957, it was producing 
12 testers per month. At that time, the company found that half a 
month’s requirements, or six units, worked out very well for a batch size. 
Mr. Sethi had not seen any reason to change the figure since the organi¬ 
zation was used to thinking in terms of six. The lot sizes for machined 
parts are shown in Exhibit 2. 
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After breaking down each order or combining orders into lots of six, 
and giving each lot a number, Mr. Sethi notified every department that 
the lot was in process. The notification consisted of a stack of preprint¬ 
ed forms, one for each component. Each notice contained the name and 
serial number of the component, the number of parts required for a lot 
of six testers. Mr. Sethi completed the blanks on the form to indicate 
the date on which the pieces were to be started in each department, and 
the date they were to be passed on to the next. In addition, he made up 
a scheduling form to keep track of the progress of the components. This 
contained the following information: 

Serial number of component, 

Name of component, 

Quantity required, 

Date in (date received by the department), 

Date out. 

Actual quantity supplied. 

When the date to start manufacture in a particular department 
arrived, the supervisor of that department informed his workers to start 
machining the parts. The workers would then approach the raw materials 
and semi-finished goods storekeeper. No blueprints were used, but since 
the number of parts being manufactured was relatively small, most of the 
workers remembered the set-up and the dimensions of the various pieces. 
When a new worker was being trained, he generally worked from sample 
pieces. The storekeeper was also able to remember what materials were 

q On receiving a request from a worker for raw material for a certain 
component, the storekeeper took the desired number of parts from semi¬ 
finished stores and sent them to assembly. He then checked the total 
number of parts remaining in semi-finished stores. If he had less than 
15 days’ supply, he issued the raw materials to the worker, so that machining 
of the pieces could start. If he had more than required, he sent the worker 
back empty-handed, and the supervisor assigned the man to another 
job. The criterion of 15 days’ supply was loosely interpreted to mean 
enough parts for 25 units in the off months, and enough for 75 in the peak 
demand period. When a worker completed a job, he delivere t e parts 
to the storekeeper (who put them in the semi-finished stores area), an 
returned to the supervisor for a new job. The supervisor usually kept t e 
notification sheets in a pile, in chronological order (by schedule ate 
of manufacture). When he received a new stack for a new lot, he p ace 
the entire stack at the bottom of the pile (assuming it had the latest sc e 
duled manufacturing date). As each worker finished his tasks, tie super 
visor issued new job assignments in sequence from the top of t e pi e. 
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After issuing raw materials, the storekeeper checked his raw materials 
level to make sure that he had sufficient stock. Bar stock and sheet metal 
were used in such small quantities that a small supply could handle the firm’s 
needs for a long period of time; so there was no need to keep a close control 
on these items. However, a two weeks’ supply of all castings was kept in 
the store room. Selection of this level had been based on the store room’s 
capacity. During the peak periods, if two weeks’ supply of semi-finished, 
parts was maintained, there was just sufficient space remaining to contain 
two weeks’ supply of castings. Mr. Sethi said that this method had worked 
out quite well, and there were never any shortages. As soon as the inventory 
level dropped below the two-week goal, the storekeeper issued an order to 
the foundry for parts. These were requested in lot sizes identical with those 
used for machining. Mr. Malkani said that the scheduling procedure had 
worked quite well, and that the supervisors generally held pretty close to 
Mr. Sethi’s dates. 

Manufacturing 

Of his six manufacturing departments. Mr. Malkani felt 
that the machine shop was the major problem area. The foundry depart¬ 
ment had been sub-contracted to a local foundry man who managed it and 
produced all of MC’s casting needs on the spot. Although he was not 
completely satisfied with the results of this arrangement, Mr. Malkani was 
reluctant to change it. His chief criticism was the quality of the foundry 
output. However, prior to the sub-contracting, he had managed the foundry 
himself, and had encountered so many problems and headaches that he was 
willing to put up with some dissatisfaction rather than take on the burden 
himself. No one in MC’s employ was qualified to run a foundry, and 
Mr. Malkani felt that the present set-up could satisfy all of MC’s foreseeable 
casting needs. The paint and electroplating department was operating at 
less than 50 per cent of the equipmemt capacity, and the assembly and 
test, sub-assembly and carpentry departments’ capacities could be increased 
just by adding readily available unskilled labourers. Only the machine shop 
presented a major bottleneck (Exhibit 3 lists the machine shop equip¬ 
ment). 

The manufacturing steps consisted of the following: 

1. The castings were made in the foundry (delivery was requested 
within two days of receipt of the casting order from the stock- 
keeper). 

2. The castings and bar materials were machined (non-lathe oper¬ 
ations were few, and were performed in the sub-assembly area). 

3. Plating operations were completed. 

4. The components were hand fitted and sub-assembled. 

5. The sub-assemblies were sent to the painting section for painting. 
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6. The tester was fully assembled. 

7. The unit was tested. The appearance, the mechanisms, the optics, 
and the electric system were visually inspected, and the operation 
of the tester was then checked for accuracy. Any minor repairs 
were carried out. 

8. The unit was packed in a wooden crate, made in the carpentry 
shop, and readied for shipping. 

Machine Shop 

The machine shop was contained in a section of the building 
measuring 40' x20 # . A corner, 15'x8', was used for raw materials and 
semi-finished stores. One foreman supervised both the machine shop and 
the sub-assembly department. He had two machine shop supervisors 
working under him, one on each shift. Only the machine shop worked 
two shifts; the other departments were on a one-shift basis. All worked 
six days a week. Although there were only 12 machines in the shop, 13 
operators worked the first shift. The extra man was used as a spare to fill 
in when needed. Twelve men worked on the second shift. Mr. Malkani 
felt that there was little difference in the quality of work produced on the 
two shifts and that both were satisfactory. Of the 25 mechine shop workers, 
13 were classified as skilled. They earned an average of Rs. 3 per day. 
The other 12 were classified as semi-skilled, and received Rs. 2.25 per 
day. Labour absenteeism averaged about 20 percent, and the machine shop 
experienced approximately a 30 percent labour turnover annually—mostly, 
from the semi-skilled ranks. 

Approximately 20 per cent of the machine shop capacity was used for 
the manufacture of small laboratory equipment. Mr. Sen said that the 
processing time was fairly evenly distributed among the machines. Perhaps 
the capstan and turret lathes were used to a slightly lesser degree, and the 
other lathes more. 

The machine shop performed only operations which could be 
handled in a lathe. Once a job was assigned to a worker, all the machi¬ 
ning operations on the pieces were completed in his machine. A piece was 
never moved from one machine to another. Mr. Sen believed that this 
saved confusion, extra handling by different people, and some set-up time. 
In addition, he said that it allowed for the fixing of responsibility and for 
fewer scheduling problems. It also gave the workers a greater feeling of 
accomplishment to do a complete job than to perform only a portion of it. 

The capstan and turret lathes could be set up by only two workers 
on each shift, although the presence of the supervisor was required. How¬ 
ever, 50 per cent of these jobs could be performed by any of the other 
workers once they had been set up. With the exceptions of the capstan and 
turret lathes, any of the 25 men could handle any of the lathes, the only 
difference being that some men (classified as skilled) did a better job on 
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difficult parts than others. There were five components which were excep¬ 
tionally difficult to machine, and only four operators on each shift could 
handle them. These are numbers 3, 12, 13, and 81 in Exhibit 2. All 
of the tester components were less than eight inches in length. 

No inspection was conducted on either the casting or the machined 
part. Rejection of castings generally took place when the piece was found 
to be defective in the course of the machining operation. The rejection 
of defective machined parts usually took place in assembly. 43 per 
cent of the thin-walled castings (see Exhibit 2) were rejected, most of them 
after the machining operations had been completed. These rejections 
were usually due to gas bubbles in the castings. Mr. Sen said that if it 
had not been for a 50 per cent “finishing” allowance, 1 the rejection rate 
on the thin-walled parts would have been even greater, and he believed 
that this allowance was responsible for keeping the rejection rate on thick- 
walled castings down to nil. The actual weight of the castings supplied 
varied by 10 per cent from the requested weight. Any rejected castings 
were returned to the foundry, through the storekeeper, for replacement 
at no charge. In addition, approximately 80 per cent of the turnings were 
recoverable and could be sold at price of Rs. 3.00 per kilogram, in contrast 
to the foundry contractor’s prices of Rs. 6.11 per kilogram for finished 
brass castings, Rs. 7.36 for gunmetal, and Rs. 6.45 for aluminium. 

As a general guide for planning purposes, time standards for all 
the machines components had been established (see Exhibit 2). These 
standards were derived from estimates of past experience. Management 
frequently revised them upwards when they were believed to be too loose. 
MC had no wage incentive rates, and the workers were not unionized. 

All machined parts went to the semi-finished stores which then issued 
them to the sub-assembly and assembly departments. The dimensions 
of parts often varied considerably, and the assembling procedure required 
matching each piece against a number of mating pieces to find the best 
fit. As a result, replacement of parts and repairs to. instruments had to 
be performed at the factory. These repairs consumed about 5 per cent of 
the total machine time, and accounted for the same percentage of the firm’s 
income. 


Cost 

The MC Tester was sold to the dealers for Rs. 450. MC 
calculated its cost at Rs. 401.40 as follows:— 


1. An allowance was supposed to be added to the dimensions of all surfaces 
which required machining to ensure that they could be machined to exact size. On the 
average, MC added 50 per cent to the weight of the casting by increasing all of the 
specified dimensions accordingly. Mr. Sen estimated that this generous allowance 
increased machining time by 10 per cent-15 per cent over what it would otherwise be with a 
“normal” allowance. 
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Item 

Cost in Rs, 

Percentage 

Direct material (including purchased parts*) 

250.64 

62.44 

Direct labour 

50.51 

12 58 

Factory overheads** 

67.07 

16.71 

Administrative and selling expenses** and 
transportation 

33.18 

8.27 


401.40 

100 00 


* Rs. 171.69, of which lenses accounted for Rs. 125. 

** These had been computed in January 1963 by taking 75 per cent of the total 
outlays for 1962 and dividing by 1,000. The 75 per cent figure was derived from an esti¬ 
mate of the machine shop time used for tester manufacture. 

Plant Utilization 

Upon his return from the December convention, Mr. Malkani 
had asked Mr. Desai, the son of a friend, to examine his plant. Mr. Desai, 
who had recently received a degree in business administration, conducted 
a plant utilization study using the work sampling method. He observed 
the operation of every machine and worker in the plant at random intervals 
over a period of several weeks, and recorded approximately 100 observa¬ 
tions for each. These observations were then grouped into categories 
(e.g., working, idle, set-up) and the total percentage of “productive time” 
was computed. In the machine shop, the study was conducted during the 
first shift only. 

Mr. Desai concluded that the capacity utilization of the equipment 
in the machine shop was approximately 54 per cent while he estimated 
average capacity utilization for the whole plant as close to 40 per cent. 
Exhibit 4 gives the breakdown of the machine shop figures. In compu¬ 
ting the capacity utilization of the machine shop, Mr. Desai totalled the 
number of observations for working time. To this he added the number 
of observations for breakdowns, the other categories listed in Exhibit 5. 
He then divided this sum by the total number of observations. Mr. Desai 
thought that the inclusion of the factors listed in Exhibit 5 provided a 
more reliable estimate of capacity utilization, than “working time” alone, 
since certain stoppages were unavoidable and had to be factored into the 
computations. 

Mr. Sen believed that the figures of the study did not have much vali¬ 
dity. MC had been operating at its present pace for some time, and he 
thought the productivity of the workforce to be adequate and that no one 
was “shirking his work.” He admitted that the capacity could be increas¬ 
ed somewhat with improved tooling, and that there was always a chance 
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to stimulate the workers to work harder, but he was of the opinion that 
output could be increased only very slightly over the present levels, given 
the present facilities. He was very skeptical about “what a boy, fresh out 
of school, with no knowledge of machine shops, could do in the course of 
a few weeks with a bunch of numbers.” 

Mr. Sen felt that he could meet the proposed 100 per cent increase in 
production by closer supervision of'the workers in the machine shop and 
by the addition of five new 3' lathes. He had already discussed this with 
the shop foreman who had agreed to work more closely with his supervisors 
and machinists. Mr. Sen did not believe it would be difficult to obtain 
the additional employees required. The new equipment could be delivered 
in six months, if ordered now. However, due to increased government 
pressures to encourage the purchase of indigenous equipment, delivery 
times were becoming longer and longer with each passing day. Mr. Sen 
thought that the company would have to move fast if it wanted to get deli¬ 
very within six months. He also believed that the new lathes could be 
accommodated in the machine shop by using up the remaining idle 
space. 

The company did not have sufficient working capital to purchase 
the new equipment for cash. However, a local bank was willing to pro¬ 
vide the necessary funds against a mortgage on the new machinery and 
on Mr. Malkani’s personal note. The interest rate would be 10 per cent. 
Mr. Malkani did not believe that he would have any difficulty meeting the 
interest or principal payments. 


Exhibit 1 

MALKANI AND COMPANY (A) 
Organization Chart of Malkani and Company 
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Mr. Malkani served in all four capacities. 
























































438 


PRODUCTION MANAGEMENT—TEXT AND CASES 


Exhibit 2 

MALKANI AND COMPANY (A) 
Manufacturing Standards on Machines Parts 


Serial No. * 1 2 3 4 

Machine 

group* 

No. of 
parts per 
assembled 
units 

Lot size 

Std . 

machining 
time 
( Mrs .) 

Set-up* 
time 
( Mts .) 

Casting 
wgt . 
in Kg.* 

GM001* 

M.K. 

1 

6 

4 

15 

1.2 

AM003* 

M.K. 

1 

6 

8 

15 

0.3 

AM004* 

M.K. 

1 

6 

1 

5 

0.3 

BM005* 

M.K. 

I 

6 

3 

10 

0.4 

GM007* 

M.K. 

1 

6 

2i 

1 

5 

1.3 

BM008** 

M.K. 

1 

12 

io- 

0.2 

BM010* 

M.K. 

l 

6 

3.V 

15 

0.4 

BM011* 

M.K. 

1 

6 

l\ 

20 

0.4 

AM012** 

B.L. 

2 

12 

3i 

35 

0.2 

AM013** 

M.K. 

1 

6 

5 

30 

0.3 

BM015* 

M.K. 

1 

6 

4 

5 

0.3 . 

BM016* 

M.K. 

2 

12 

3 

25 

0.3 

BM023* 

M.K. 

1 

12 

4 

10 

0.4 

BM024** 

M.K. 

1 

12 

1 

5 

0.2 

BM025** 

M.K. 

1 

12 

2 

5 

0.4 

AM026* 

M.K. 

1 

12 

2 

10 

0.2 

M027 

M.K. 

1 

18 

3 

15 


M028 

PRAGA 

2 

12 

4 

5 


M029 

CAPSTAN 

3 

36 

4 

70 


M064 

TURRET 

3 

54 

3 

45 


M065 

M.K. 

3 

36 

4 

10 


M079 

TURRET 

3 

72 

2 

40 


M080 

CAPSTAN 

6 

108 

6 

30 


BM081* 

M.K. 

1 

6 

8 

25 

0.3 

Screws 

9 Types 

CAPSTAN 

24 

100 

H 

60 


4 Types 

CAPSTAN 

17 

100 

l 

60 


6 Types 

TURRET 

9 

100 

l 

60 



note: M.K. = Mysore Kirloskar Lathe 
B.L. = Bench Lathe 

1. Prefix indicates whether Gun Metal (G), Aluminium (A), or Brass (B). 

2. In actual practice all of the jobs scheduled on the M.K., B.L. or PRAGA 
lathes could be performed on any of the three types of machines and the foreman just 
scheduled jobs on whatever machine was available at the time. 

3. On the average, the machining of each component (except for screws) required 
two tool changes (excluding parts machined on the Capstan and Turret lathes). Times 
include one complete set of tool changes necessary to make one piece. 

4. Weight specified by M.C., including “finishing allowance.” 

* “thick-walled” cast parts. 

•* “thin-walled” cast items. 
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Exhibit 3 

MALKANI AND COMPANY 
Machine Shop Equipment 


Name and type of 

No. Purchase 

Purchased in 

lathe 


price 

year 

M.K.* lathe 6£' 

i 

6,125 

1964 

M.K. lathe 5' 

i 

5,700 

1965 

M.K. lathe 4' 

2 

5,200 

1961 

M.K. lathe 3' 

1 

4,900 

1961 

Praga lathe 3' 

1 

5,000 

1961 

Bench lathe 4' 

1 

5,600 

1965 

Bench lathe 3' 

3 

5,200 

1963 

Capstan lathe 

1 

31,183 

1964 

Turret lathe 

1 

24,375 

1961 

* M.K. = Mysore Kirloskar 




Exhibit 4 



MALKANI AND COMPANY (A) 



Machine Utilisation 



Cost centre machine 

Particulars of 

Average machine 

shop 

machine 

utilization in per cent 

1st cost centre** 

M.K. lathe 6i' ] 

i 

58 25 


M.K. lathe 5' J 

i 


2nd cost centre 

M.K. lathe 4' 1 

i 



M.K. lathe 3' ! 

► 



M.K. lathe 4' 

63.5 


Praga lathe 3' 



3rd cost centre 

Bench lathe 4' 




Bench lathe 3' 




Bench lathe 3' 

► 

55. 5 


Bench lathe 3' 



4th cost centre 

Turret lathe 


25.5 

5th cost centre 

Capstan lathe 


32 0 

Weighted average 



54.2 


** Cost Centres established by Mr. Desai for purposes of his study. These were 
based on physical proximity, and size and value of machines. 
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Exhibit 5 

MALKANI AND COMPANY (A) 

“Necessary'’ Machine Down Time (Estimates based on Work Sampling) 


(a) 

Breakdowns and repairs 

4 hours per week 

(b) 

Maintenance 

— 

(c) 

Cleaning and oiling 

.. 30 minutes per day 5 

(d) 

Operator personal time 

.. 20 minutes per day 

(e) 

Time to get tools and materials 

.. 30 minutes per day 


Performed at the beginning of the first shift. 


















KONKAN WOOD COMPANY 


In January, at the end of the first nine months of opera¬ 
tion the Konkan Wood Company had suffered an operating loss of 
Rs. 25,000 (see Exhibit 1). Mr. Nath, managing partner ofKonkan, was con¬ 
siderably disturbed at the level of losses, and was concerned with ways of 
improving the profitability of the newly founded company. 

Background 

The Konkan Wood Company was founded in the previous 
April, in Ahmedabad, to manufacture and sell flush doors. The Cons¬ 
truction boom in both the state in general and the city had resulted in 
considerable demand for flush doors. Two agencies of large out-of-state 
manufacturers of flush doors sold between 2,000 and 2,500 flush doors in 
Ahmedabad each month. The doors were manufactured and despatched 
from plants which were located several hundred miles away, close to ply¬ 
wood manufacturing factories. The agencies supplied flush doors to 
building contractors against firm orders placed six months ahead of the 
time that the doors were required. Mr. Nath thought he saw a good 
business opportunity in this situation and decided to locate a factory near 
the city. He hoped that by making flush doors available to building con¬ 
tractors in the city and other parts of the state at considerably shorter notice, 
he could capture a substantial part of the market. 

Mr. Nath, with the help of a friend, raised Rs. 1.5 lakh and invested 
it in land, buildings, and equipment. The plant was ready for operation 
in March. An additional Rs. 0. 5 lakh was secured through a loan from 
the State Financial Corporation at an interest rate of nine per cent. 
Mr. Nath and his partner had borrowed additional money at substantially 
higher interest rates, for working capital. 

Manufacturing Facilities 

The plant was located on a piece of land owned by 
Mr. Nath in an industrial area on the suburbs of the city. The construction 
of the building, and the selection and installation of machinery and equip¬ 
ment, was carried out by Mr. Nambiar who was retained as a technical 
adviser. Mr. Nambiar had considerable technical experience in the manu¬ 
facture of flush doors. The details of the machines installed, their costs, 
and their capacities are included in Exhibit 2. Exhibit 3 shows the layout 
of the plant. 
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Manufacturing Process 

A flush door consisted of a wooden frame filled with 
pieces of wood called battens (see Exhibit 4 for a sketch). The frame 
and the battens were covered on both sides by plywood panels bonded 
to the frame as well as to the battens by resin. The bonding was 
achieved by subjecting the flush door simultaneously to heat and pressure 
in a hydraulic press. 

The manufacturing process consisted of the following steps: 

1. Logs of wood were sawed into planks using the horizontal band 
saw. The planks were then converted into wooden strips of 
required sizes using a vertical band saw. These strips of wood 
were used for making frames or battens. 

2. The wooden strips for making frames and battens were seasoned 
in an electrically heated seasoning kiln. Freshly sawn strips 
of wood had a 50 to 60 per cent moisture content. The seasoning 
process reduced the moisture content to eight to 20 per cent. 
The kiln had a capacity of 400 cubic feet of wood. The season¬ 
ing process took 72 hours during the three months of March, 
April, and May, and approximately double the time during the 
remaining months of the year. It was necessary to keep the 
seasoned wood in a covered warehouse if it was to retain its 
seasoned quality. 

3. Strips of wood for frames were polished on three sides, top, 
bottom, and one side, by passing them through the three-face 
planer. These were then cut to size and assembled into frames 
of desired sizes. 

4. Battens were made by cutting the strips of wood into pieces of 
T- 10" lengths. The strips of wood for making battens were 
of square cross section, either square or \\* square. These 
were planed on two surfaces by passing them through the single 
face planer and then through the three face planer with the two 
side cutters removed. The strips were then cut to length. Half 
custs were made at intervals of 2" to 3" to prevent any tendency 
of the wood to warp. 

.5. Each flush door was assembled on a base plate of aluminium. 
A sheet of plywood, cut to size, was positioned on top of the 
aluminium plate and a coat of resin applied uniformly over the 
•plywood sheet. The assembled door frame was positioned over 
•the plywood and pressed on to it. Battens were then arranged 
•jegularly over the plywood within the frame and pressed by hand 
to set them in the resin. A second coat of resin was then applied 
over the battens and the frame. A second plywood sheet was 
then pressed on to the resin coat over the frames and battens. 
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A second aluminium sheet was then placed over the plywood 
sheet to form a flush door sandwich between two aluminium 
plates. 

6. The flush door sandwich was then cured. In this operation, 
the door sandwich was put in a hydraulic press, and pressure 
and heat of steam were applied simultaneously. The sandwich 
was kept in the press for six minutes to set the resin, bonding all 
parts of the flush door together. The press could accommodate 
only one sandwich at a time. 

7. The cured flush doors were allowed to cool for another 
15 minutes. The edges of the flush door were then trimmed, 
using the end cutting saw, and the surfaces were polished on 
a belt sanding machine. After inspection, the flush doors were 
ready for despatch to the customers. 

The company had not provided a separate storage place for stocking 
seasoned wood during the first nine months. Seasoned wood had been 
drawn from the seasoning kiln in small lots as required by the production 
•schedule, and had been placed by the sides of the machines. Covered 
storage space of 40'x20' was available in the adjoining plot of land at a 
rental of 25 paise per square foot per month. 

Raw Materials 

The raw materials consisted of timber for frames and 
battens, plywood sheets for the surfaces, and resin for bonding. A door 
of standard size (6'x3') required approximately two cubic feet of timber 
for the frame and battens, 36 square feet of plywood, and one kilogram 
of resin. 

Timber for frames and battens came by rail from Kallai, Kerala (one 
of the largest timber centres in Asia). Logs of wood were priced at Rs. 4 
per cubic foot and freight added another Rs. 4 per cubic foot. The com¬ 
pany initially procured 5,000 cubic feet of timber at Rs. 4 and noted that 
approximately 35 per cent of the timber was lost due to shrinkage in the 
conversion process. Subsequently, the company placed orders for planks 
of wood (from the same source) at Rs. 6.75 per cubic foot. Freight on 
the planks came to Rs. 3.50 per cubic foot. The conversion and shrink¬ 
age waste in the use of planks was only ten per cent. Four days were 
required for a normal transmission of order by post to the suppliers, and 
delivery took between 20 and 30 days depending on the season. Whenever 
a consignment was received, Mr. Nambiar had to spend a full day in super¬ 
vising the clearing of storage space, and the movement and stocking of the 
timber. Because the company was pressed for working capital, it had 
reduced its order quantity for planks to 800 cubic feet. 

Plywood was purchased from manufacturers in Mangalore and Dan- 
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deli, both in Mysore State. Standard gauge commercial plywood sheets 
came in standard sizes of 8'x3', 7'x4', 7'x3' and 6'x4'. As most of 
the orders were for doors of 6'x3' size, 7'x3' sheets were ordered. Since 
this involved some waste, the company was considering placing orders 
for special size (6'x3') with the manufacturers. Plywood manufacturers 
supplied special sizes at 10 per cent higher prices. Standard commercial 
plywood sheets cost Re. 0.65 per square foot. Orders had to be placed 
two months in advance and a permanent guarantee deposit of Rs. 5,00,000 
had to be made. 

The resin was supplied by a manufacturer in Calcutta, at Rs. 5 per 
kg. including freight. As the supply position was erratic, the company 
ordered 1,000 kg. of resin at a time. 

Work Force 

During the first nine months of operations, the labour 
records indicated that 15 workers were employed on a regular basis. Up 
to 50 had been hired during the peak production period. The assignment 
of the 15 regular employees was as follows:— 

Vertical band saw 1 
Horizontal band saw J 
Single-face surface planer 

Three-face surface planer 

Frame assembling 
Circular saw 
Hydraulic press 
Door assembly 
End cutting saw 
Belt sanding machine 

The plant worked single shift. During the peak months extra hours were* 
worked on over-lime basis. As more workers were hired to cope with 
peak production, the additional workers were employed in transporting 
wood, battens, etc., from machine to machine, helping in door assembling, 
and loading and unloading of the seasoning kiln. The average wage was 
Rs. 2 per day, and one and a half times this rate was paid for 
overtime. 

The workers were supervised by a foreman who received Rs. 3 per 
day. All shop floor operations came under a Manager who received a 
salary of Rs. 350 per month. 

Sales 

Sales of flush doors generally followed the local pattern 


1 Operator 

I Operator and 
1 Helper 
1 Operator and 
1 Helper 
3 Carpenters 

1 Operator 

2 Operators 
2 Operators 
1 Operator 

1 Operator 
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of construction activity. According to the information gathered by Mr. Nath, 
70 per cent of the flush door sales occurred during the months of October 
through March. Mr. Nath believed that his entry into business in April 
deprived him of the benefit of the peak sales months of January, February, 
and March. In the first nine months, the company sold nearly 3,000 flush 
doors. However, Mr. Nath estimated that he should have no difficulty in 
attaining a sales level equal to that of his competitors. 

Flush doors were generally distributed through agents who received 
a 7i per cent commission on sales. Mr. Nath had, however, decided to 
undertake direct sales to the building contractors. The average selling 
price of Konkan’s flush doors was Rs. 65. This was comparable to the 
prices offered by the agencies in the city. The Konkan Wood Company 
emphasized delivery within 15 days of order as a major point in sales. Pay¬ 
ment periods averaged between 2 and 2\ months after delivery. 

Production Planning 

Because of the newness of the operations, Mr. Nath had 
not developed any formal production planning system. The procedure he 
followed at present was very simple and direct. He collected all the orders 
he received each day, and when he visited the factory the next morning, he 
handed them to the factory manager. The factory manager scheduled the 
production of doors for the next day to exactly all the new orders, plus 
any which had not been completed that day. 

He then estimated the labour required for the scheduled production. 
This was based on the assumption that about 20 manhours were required 
for the manufacture of a door. If the available labour hours were more 
than what was required to meet the schedule, he released some of the tem¬ 
porary workers. If more labour was required, he asked some of his pre¬ 
sent workmen to bring their friends. 

No detailed planning was used for the seasoning kiln. It was load¬ 
ed full as and when the need arose. 

Finished doors were despatched immediately to customers. The 
production in units and the employment levels for the period April to 
December are given in Exhibit 5. 

Costs 

Since most of the changes in the workforce took place 
•among temporary labourers, the costs involved in effecting the changes 
were negligible. Other costs of changing the production levels were negli¬ 
gible. 

Given the present method of planning and the minimal costs involv¬ 
ed, Mr. Nath felt that the practice of adjusting the labour strength every 
day was very good. However, the factory manager noticed a growing 
sense of resentment among the workers towards this practice. The tem- 
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porary workers preferred to go without work for a longer time than to- 
come everyday to the factory to find out whether they were needed or not. 
Mr. Nath had not estimated the cost of maintaining inventory. He was 
paying an interest rate of 12 per cent on the money he had borrowed for 
working capital. 

The Future 

Mr. Nath’s immediate problem was to draw a production 
and sales programme for the next 12 months which would enable the- 
company to operate profitably. He also wanted to establish a system for 
manpower planning. 


Exhibit 1 

KONKAN WOOD COMPANY 
First Year Income Statement (April-December) 



Rs. 

Rs. 

Sales 


1,89,265 

materials: 



Timber 69,000 

Plywood 81,900 

Gum 15,000 



1,65,900 


1,65,900' 

Wages 

22,716 

23,365- 

Power 

4,177 


Foreman’s salary* 

1,800 


Manager’s salary* 

3,150 


Technical adviser 

7,300 


Selling and administrative expenses 

9,500 



48,643 

48,643 

Operating profit (loss) 


(25,278) 


* Nine months’ salary. 
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Exhibit 2 

KONKAN WOOD COMPANY 
Installed Machinery Use, Capacity and Cost 


Price 


No. 

Machine 

Use 

Capacity 

(«j.) 

I. 

Horizontal band 

saw 

For converting logs 
of wood into planks. 

Normal monthly require¬ 
ments of the plant would 
be met by ten shifts of 
this machine. 

8,000 


Vertical band saw 

For converting planks 
into strips of wood. 

150 to 200 cu.ft. per shift. 

8,500 

3. 

Surface planer 
(single face) 

For planing one surface 
of a strip of wood. 

300 cu. ft. 

9,000 

4. 

Three face surface 
planer 

For planing the top sur¬ 
face and the two sides 
of a strip of wood. 

300 cu. ft. 

9,500 

5. 

Circular saw (2 nos.) For cutting battens. 

100 cu. ft. per shift 

1,000 

each 

6. 

End cutting saw 

Trimming the edges of 
the flush door 

5 mts. per door 

1,500 

7. 

Belt sanding 
machine 

For final finishing of the 
surface of the flush doors. 

5 mts. per door 

8,300 

8. 

Hydraulic press 

For cutting flush doors 

6 mts. per sandwich (10 
mts. including loading 
and unloading) 

13,000 

9. 

Seasoning chamber 


400 cu. ft. of timber* 

10,000 

10. 

Saw grinder 

For sharpening saws 


2,000 

11. 

Boiler 



10,000 


total 81,800 

LAND AND BUILDINGS 

Land 35,000 

Buildings 1,00,000 


Total land, building and machinery 2,16,800 


* Seasoning 400 cu. ft. took 72 hours during the months of March, April and 
May and approximately double the time during the other months. 
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Exhibit 3 

KONKAN WOOD COMPANY 
Layout of Manufacturing Facilities 


BELT SANDING 
MACHINE 


□ 

END 

CUTTING 

SAW 


□ 


□ 


SINGLE FACE 

SURFACE 

PLANER 

THREE FACE 

SURFACE 

PLANER 


DOOR 

ASSEMBLY 


FRAME 

ASSEMBLY 


HYDRAULIC 

PRESS 


□ □ □ 

CIRCULAR SAW 

SAW GRINDER 


BOILER 


SEASONING 

CHAMBER 


□ 

VERTICAL 
BAND SAW 


HORIZONTAL 
BAND SAW 
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Exhibit 4 

KONKAN WOOD COMPANY 
Drawing Showing Construction of a Flush Door 



BATTENS 



PLYWOOD SHEET 


FRAME 

PLYWOOD SHEET 
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Exhibit 5 

KONKAN WOOD COMPANY 


Production and Employment Levels for the First Nine Months’ Operation 


Month 


Production 

(units) 

No. of 
employees 

April 


252 

49 

May 


397 

50 

June 


637 

43 

July 


636 

41 

August 


70 

31 

September 


333 

23 

October 


125 

20 

November 


268 

18 

December 


195 

18 


TOTAL 

2,913 

293 







REGAL WORKSHOPS 


Early in 1959 the chief executive of Regal Workshops 
was wondering how, without adding to the fixed capital, he could increase 
the production capacity of the company’s foundry. The main problem 
of meeting consumers’ requirement of castings in full was complicated by 
the lag in delivery schedules. There were frequent complaints from sister 
works that though they placed their orders for castings well in advance* 
they were never sure when they would receive the supplies. In all, about 
1,400 orders were awaiting completion early in that year. 

COMPANY BACKGROUND 

Regal Workshops situated in Central India and ten years 
old in 1959 consisted of a large foundry and machine shop. Castings made 
at the foundry were used in its own machine shop as well as in those of 
its sister concerns. Though there were variations in the ratio of heavy 
to light castings, on an average, the foundry produced 39.5 tons of castings 
per month. 


Present Working Conditions 

The foundry employed 115 workers about half of whom 
were in the skilled and semi-skilled categories. On an average, there were 
10 absentees a day. The foundry worked two shifts, viz., 6. 00 a.m. to 
2.00 p.m. and 2.00 p.m. to 10.00 p.m., and a general shift from 8.00 
a.m. to 5.00 p.m. Although it had three cupolas (24*, 27*, and 36* 
size) for melting iron, only two of them were used at any given time. A 
specimen distribution of the work allocation in the foundry for a represen¬ 
tative week is shown in Exhibit 1. The figures which are not in parenthe¬ 
sis in Exhibit 1 represent skilled or semi-skilled workers. 

a. work schedule. As can be seen from Exhibit 1 most of the 
operations were performed during the general shift. For each moulding 
area in the foundry, different gangs, each consisting of one or two unskilled 
workers and one or two skilled or semi-skilled workers, were allocated. 

(/) Starting . At the beginning of the general shift all the unskilled 
workers cleaned their respective moulding areas (see Exhibit 3), took up 
the moulds poured on the previous day and left overnight, and knocked 
out the castings. The castings were transferred to the fettling area and 
the sand from the moulds collected for further use. While these operations 
were being performed, the skilled and semi-skilled workers were mostly 
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idle. An Operation Flow Chart given in Exhibit 4 gives the sequence of 
operations performed in the foundry. 

Sand required for each moulding area was prepared by the gangs 
allotted to it. Reinforcement wires, nails, wooden pieces, etc., collected 
from the sand in the broken moulds were handpicked and thrown away 
to the side of the moulding area. The sand was (hen passed though hand 
sieves, and mixed manually in shovelfuls with water, fresh sand and binding 
materials, and used again in moulding. The quality of castings depended 
to a great extent upon the binding property and permeability of the sand. 
The compression strength and permeability were then tested by one of the 
experienced workers who used his judgement; there was no proper testing 
equipment. 

The mixing of sand for each moulding area took about 2-2-J hours 
and was done largely by the mazdoors (i.e., unskilled workers) except 
for a half-hour when the skilled and semi-skilled workers joined them. 
Since the mixing was done manually, the quality of sand varied from lot to 
lot and the chief executive was considering whether a mechanical mixer 
would not give a uniform quality. It was possible to keep the mixed sand 
for seven to eight hours without hampering its binding property, moisture 
content and permeability. Approximately 25,000 lbs. of mixed sand was 
used daily in the foundry. 

(//) Moulding . After preparing the sand, the mazdoors cleaned 
their moulding areas and brought the required cast-iron mould boxes from 
the heap outside the foundry (see Exhibit 3). Some time was usually 
lost searching for the correct mould box. An inventory of the mould 
boxes was recently taken and Exhibit 2 shows their distribution. The 
thickness of the mould boxes varied from V to \ n and the depth from 5" 
upwards. When the mould boxes were transferred by an overhead crane 
to the moulding area, each gang started the moulding operation. It was 
normal to use cross ribs to help retain the sand in mould boxes of as small 
a size as 15"x 15"x5". If the sand was of good uniform binding 
quality, strong and permeable, then boxes of this size would hold the sand 
without cross ribs. 

Cores were made by a different gang during the general shift in the 
core-making area, brought by the moulding gangs from the stores and fixed 
in the moulds, which were then closed. Wherever necessary, i.e., in the 
case of heavy moulds, the moulds were dried during the second shift. 

(///) Pouring. After the moulds were prepared, the pouring of the 
metal was done in the second shift. The metal from the cupolas was 
tapped every two hours in big collection vessels and distributed to the differ¬ 
ent moulding areas in smaller containers. 

B. crane utilization. One overhead crane was available in the 
foundry. Bringing mould boxes and other materials to the moulding area 
and transferring finished moulds were done through the crane (see 
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Exhibit 3). Since most of the gangs were moving things from one end of the 
foundry to the other almost at the same time, it was not uncommon to find 
many gangs remaining idle when the crane was not to be had. 

c. layout. This handicap (non-availability of the crane) hampered 
movement of materials allowing mould boxes and refuse to collect in the 
congested area. The disorderly spread of the wanted and unwanted 
materials inside the foundry reduced the actual floor area available for moul¬ 
ding. 

d. cupolas. Work on cupolas was done exclusively in the first and 
second shifts. Almost the whole of the first shift on a heating day was 
spent in the preparatory work on cupolas. The preparatory work involved 
the following:—' 

(i) Checking the cupola for any broken firebricks, and if any, 
replacing them. 

(ii) Repairing the lining with fire clay. (The amount of repair work 
necessary depends upon the length of the melt. It is important 
that repairs are carefully carried out and the lining dried before 
the cupola is used again). 

(iii) Putting bed coke of about six cwt. to nine cwt. depending on the 
size of the cupola. A 36" cupola required about nine cwt. of 
bed coke. 

Approximately five hours of the first shift on the heating day, invol¬ 
ving three niazdoors , were devoted to. the preparatory work. 

It was the usual practice in foundries to recover, by quenching, part 
of the bed coke used in the heating. Approximately 50 per cent of the coke 
was so recovered at Regal. The theoretical output rate of the different 
cupolas were as follows: 

(1) 24" Cupola 3 tons/hour 

(2) 27" Cupola 4 tons/hour 

(3) 36" Cupola 7 tons/hour 

(The output from a cupola is influenced by the amount of coke used, 
and where the ratio of metal to cope is low the output will also be low.) 

At Regal the normal output rates were 60 per cent of the theoretical 
values. The quantity of bed coke used was the same: six cwt. to nine cwt. 
irrespective of the tonnage of metal melted. 

Cost Factors 

The cost of bed coke per ton=Rs. 50 
Expenses of fireclay and firebricks per heat day=Rs. 20 
Labour charges per ton of castings produced=Rs. 200 
Manufacturing overhead per ton of castings produced=330 per cent 

of labour cost 




Foundry Labour—Present Work Allocation 
(Specimen Distribution for a Representative Week) 
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Exhibit 2 

REGAL WORKSHOPS 
Inventory of Mould Boxes 

1. Mould boxes up to 0' — 2' in length 


2 , 


2' to 3' 



= 225 

3. 


3' to 4' 

n 


= 306 

4. 

n 

.. 4' to 5' 



= 92 

5. 


5' to 6' 



= 11 

6. 

.1 

„ 6'to 8' 



= 32 

7. 


8' to 10' 



« 11 

8. 


„ 10' to 12' 



= 24 





Total 

= 1,075 







REGAL WORKSHOPS 

EXHIBIT - III 

PRESENT FOUNDRY LAYOUT 



3. MIXED SAND. FOR MOULDING 
4 AREA USED FOR. REFUSE MATERIALS 


800 

800 


8ft 
8 ft 


5. VACANT AREA 
7- PASSAGE SPACE 

8 AREA USED FDR MOULDING, MOULD DRVING ETC. 


1000 

4300 


10 ft 
43 ft 


NOTE: 


THE ANALYSIS SHOWN 


ABOVE IS FOR ARtA WITHIN THE FOUNDRY BAY 












































































































































REGAL WORKSHOPS 
EXHIBIT- JSL 

OPERATION FLOW CHART 


general shift 


KNOCK OUT CASTINGS FROM MOULDS 
POURED ON THE PREVIOUS DAY(MAZDOORS) 

CLEAN' THE MOULDING AREA (MAZDOORS) 


f 


CASTING TRANSFERRED TO 
FETTLING AREA (MAZDOORS) 


BRING MOULD BOXES FROM 
OUTSIDE (MAZDOORS) 


1 


CORE MAKING 

MAKE CORES 

BAKE CORES 


i 


SAND 

HANDPICK REINFORCEMENT 
WIRES, NAILS ETC. (MAZDOORS) 


SIEVE SAND (MAZDOORS) 

ADD WATER, FRESH SAND, 
AND BINDING MATERIALS 
(SKILLED, SEMISKILLED AND 
UNSKILLED LABOUR) 


MIX SAND (MAZDOORS) 

PREPARE MOULDS (SKILLED AND 
SEMISKILLED WORKERS) 

FIRST AND SECOND SHIFT 


FIRST AND SECONP_SHIFT 

PREPARE CUPOLA IF NECESSARY (SKILLED AND UNSKILLED LABOUR) 
BRING MATERIALS FROM STORES (UNSKILLED LABOUR) 

CHARGE THE CUPOLA (SKILLED AND UNSKILLED LABOUR) 

START HEATING (SKILLED LABOUR) 


SECOND 

SHIFT 

i 

J TAP 


O TRANSFER TO SMALL VESSELS (UNSKILLED LABOUR) 


6 CARRY TO MOULDING AREA (UNSKILLED LABOUR) 


•TRANSFER CORES 
TO MOULDS 


END OF GENERAL SHIFT 



DRY PREPARED 
FIX CORES IN 


MOULDS 

MOULDS 



POUR INTO MOULDS 
ALLOW MOULDS TO COOL 


(SKILLED AND UNSKILLED LABOUR) 




























































